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Abstract of WO200401 8682 

It is intended to provide enzymes which catalyze 
a reaction of transferring a sugar to the hydroxyl 
group at the 2-position of a chalcone and genes 
thereof, preferably an enzyme which catalyzes a 
reaction of transferring glucose specifically to the 
hydroxyl group at the 2-position of a chalcone 
and its gene. It is also intended to provide a plant 
having a flower color modified by using such a 
glycosyltransferase. From petal cDNA libraries of 
carnation and so on, several ten 
glycosyltransferases having base sequences 
corresponding to conserved regions are cloned 
with the use of probes corresponding to the 
conserved regions of the glycosyltransferases. 
Furthermore, these glycosyltransferases are 
expressed in Escherichia coli and an activity of 
transferring glucose to the 2-position of a 
chalcone (i.e., chalcone 2-glycosyltransferase 
activity) is confirmed in the E. coli extract. Thus, it 
is confirmed that the cloned genes encode 2- 
glycosyltransferases. 
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(57) Abstract: It is intended to provide enzymes 
which catalyze a reaction of transferring a sugar 
to the hydroxyl group at the 2* -position of 
a chalcone and genes thereof, preferably an 
enzyme which catalyzes a reaction of transferring 
glucose specifically to the hydroxyl group at the 
2* -position of a chalcone and its gene. It is also 
intended to provide a plant having a flower color 
modified by using such a glycosyltransferase. 
From petal cDNA libraries of carnation and so 
on, several ten glycosyltransferases having base 
sequences corresponding to conserved regions 
are cloned with the use of probes corresponding to 
the conserved regions of the glycosyltransferases. 
Furthermore, these glycosyltransferases are 
expressed in Escherichia coli and an activity 
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"7 4 7 "7 I) —<DX# V —~^7teS yy^tv'^fADNAttB^i' 
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#4 if — 3 1%SDS, 30%*A'A7$ K*^tf5XSSC 

tpt* 3 7 °C-C — ^tf V> % 7^/^-©^(ilxSSC > 1 % S D S £ 

yotfii>f,, ^InlPM&tflglfeH 5 tc|B*U*:^«fe-e*^= > 2 ' <fc*S 

£<5tt£t&£BE?!l&&5£L;fco £ £ E © ifc £ f* fifc * !> ^^^^^f- 
KT^^ — fc«fcS^7>f DNA S 

10 equencer model 3100 (Applied Bios 
ys tern sth) «rfflV^ife£Lfc. tiS^'J £ 3 ttftSGH * J = - K 

HJwl0»J3 ^^3^2' ttfefi^Tl 7 0©7 5/M?iJ'fi?lf 
15 pT17 0te, 4 9 07?/»*^45^i54. 2 k D a V 

K£f = — Kt5 1 70 9bp (Dfcfc^T 1 7 0 Sr-a A/T'V^fCo T 1 

tfcil^y f F-Vf-^-WGT (Plant J. 19,509(1999) 

) £25%, *sy , sS — ^-rteM 5 G T t 2 1 %0>*HISH4S:^ Lfc„ 
20 fflLfcy7F7i7UMacVector ver. 6. 0 (Oxfo 
rd Molecule %h) \Z.&-&tl2> C 1 u s t a 1 WT% 
Matrix Blosum:30,ketuple:l,Gap p 
enalty:3,Topdiagonals :5 x Window S 
i z e : 5T?*Tofc 0 BLAST«| (^!i7 7t/^^^t'II 
25 L7c„i" Composition-based statis 

tics on, Choose fi Iter Low compl 

exi t y , Matr ix(iBlosum62, Gap cos t s 
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Exi stence : 11 Extent ion: 1) 1? # < <75 G T 

35^<^ - >>> 6 G T (Planta Vol. 214, pp. 492(2002)) {CI M L T 5 5 % , 
U- y £fT?10i* $*tS 9 /^GT (T ^ ir -> a ^#-5§-A B 0 5 2 

5 557, Eur. J. Biochem. Vol. 268, pp. 408 
6 (2 0 0 1 )) LT 4 5 %, 9 =• NT G T 3 (T^ti/g 

f AB 0 7 2 9 1 8)CSlt4 4%<D7^ / @£gE?U <£> *B £ ^ U fc „ 

SSIiitteT ^ j mm.&\&mi& itfc 9 > yr^ 

10 7f}tftft|©3GGT, !) >■ Kl)ft^K) 3 GT^U 5 ^ — S 5)5 CO 5 
GT&t^;tf*^-?-G y —Zmfc-rZo *mW<DjJ/Uzi is 2 

<d y if h — is*?— *?— tia^^f = -^y6GT, -y- y ^vnfc* if -c 

15 ii*tl^^^3 GT.&t>*^^=3 N T G T 3 teJfctfcfaffi ^ * ^ n — 

Hffi^4 ^liffi^^tt 5 t 1 7 0 it^T-o^m 

T 1 7 0 m.B^<D*:mMX*<D$£$ite, The QIA expres 
20 s ioni st (QI'AGENtt) £fflV^frofco JfT170i» 
i^ijg^Jif itfc^-(D|W#r=i K^<^ 5 1 #JKN c o I IiI2?iJ^iAt5 
tzfriZ.^ «Tl:/ff2i07°7^v-Tl 7 0- Nc o I *3 £t>*M 1 3 

M4 P C R^/££fTo fc 0 

T170-NcoI(IB^J#^- 1 1) : 5' -AGT TCA ACC ATG GGC AAA GCA C-3' 
25 M13 M4(fE?y#-*§- 1 2) : 5' -GTT TTC CCA GTC ACG AC-3' 

P C RgftJ (25m 1) T170 1 0 0 n g , lxEx-T 

aq buffer (Taka r att) , 0. 2mM d N T P s , y° 
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7 s( •^ — Q 0 . 2 p m o 1 / m 1 > Ex-Taq polymeras 
e 1 . 2 5Ua»fc*5. K/fctt, 9 4tf5^S(SHfct, 9 4 °C , 

5 5°C, 1$K 7 2°C, 2^©Sf&^2 5t^^/MTl\ 
7 2 tt 7 5)f«I tfco ibtlf: P C Rl»^ p C R 2 . 1 TOP 
5 O vector (I NV I TROGENft) \ZL $SJ3t# 5 ^ 

-C^^-^ n-^^^L/Co I(^<tplu bT#^tbfc^7 * 5 KpTOP 
O-Tl 7 Oi tfc 0 P C RS/iS^<t 5^7 — ^ ^^SSa^J^r 

iifa?) bfeo p Q E 6 0 (QIAGEN) £ N c o I 

^ b g i i i -ciH-fb ingp^t-^ffi^^^-r P Q E 6 1 - f 

10 £ P QE6 1 - r &T~- V >-jn$*£tz.*V * X ? Ktf-fcy h£ 

#AbT. ItllMC S ^iAlfc^H-p QE - 6 1 £f^L7c 0 
(pQE61-f) 5' -CATGGGAGGTACCACTAGTGATATCA-3' (gH^J## 3 6 ) 
(pQE61-r) 5' -GATCTGATATCACTAGTGGTACCTCC-3' (@E?U##3 7) 

pTOPO-T170^NcoI, KpnI*3«J:tfPstI t?$lj &S6£ 

15 iMlttlbtlfc^l. 8 K b <D 7 7 7* >- h- ? — p Q E - 6 1 

(DNcolUpnl ^OlUf^&^iS^U, ^5^5KpSB 1 4 4 3 * 
#7t 0 p S B 1 4 4 3 t Competent high JM109 ( 
TOYOBO*±) ^r^Wte^bfCo 

20 mmms tho c dn Aia^x.^ ^^^M^^^^^^^ts^ay 

m 1 L BtS*& 3mlT'3 7°CT'-PAIt^§iUfc. ^<£>?^ 

200/x U7yt'V!Jy5 0(i g/m 1 , *f ?y»0. 5 
25 M9^i 10mll^DtA 6 0 0 = 0. 6 — 1. 0 JC iti" 5 * 

bfc^, IPTG (I sopropyl-^-D-thioga 1 ac 
topyra.noside) ^H-lt^O . 0 2 m M {d & -5 <£ 5 flP X. , $ 
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•bid 2 7°cx°-mmt b mm ^*nit^ ( 3 0 O 0 r p m, 1 o.#ra, 

4°C) K: 9 3tK LfCo mVf* 10ml (DWiffiWL ( 3 0 mM 

Tris-HCl pH7.5,30mM NaC 1) CiSL, i 
^j^^S^ J: 9 bfc#> jt'k^gft (15, OOOrpm, 

THC (5 0 0 Ag/mlx^-;« £*g?gzK T'^ftf ffc b 
/^iM^JJa, TOYOPEARL HW-4 0F (TOSOHtt) 1 m 
1 KSgfSzk 3 m 1 Lft^ <b A# 7K^Lfc 0 rWiJigl O 

10 0 jtz 1 U:fe@£|f 2 0 0 // 1 *5 «fc t>* 5 mM UDP-glucose 

L > 0 . 1 % TFA(Trifluoroacetic acid) 

^ttf5 0%7t F^Fy^3 0 0 M 1 ^AP^K^^it 

It<t D 77^/-^ K & Jig <fc »9 ifi-Utt L 7c„ 1 5, 000 r p m % 5 #\ 

m, 4mm Mi 1 1 e x - LH, 5 V # T ) £ fflV^ T ^F?£$&J £ B&ic b 

#^Af3:YMC-ODS-A3 1 2 ( 6 m m <f> X 1 5 Omm, tfci££r 
20 tt!7-T ^ SrfflV^T, ^ffib*@^{2A$c i: IT 2 %@W£^tf H 2 

CK Bii:lT^^;-;vS:fflV\ B 1 5 %75>£> B ^ 4 0 %<DW.1&M 

m*jm i 5 ^o^mtg, B«4o%t5^»i, s&i:b«4o 

%*>>P> Bt62 %©Ej^a^<&l@B 1 0^F B 1^^ta<^i. B^6 2 % *C 2 
#PiM^ Lfc 0 ^3tf* 1 . 0 m 1 /m i n . T'lTofc, l&fctite 3 6 0 n 
25 mCfc(t§i3tg, SU!PDAtttlSS'PD-M6A ( M,mmftffi *±) 
J; 5 2 5 0 ~ 4 0 0 n mCDB&llX*^^ h ;KC j; >9 tro fc 0 ^ ©^#"t\ 

th c te&nmm 2 7 . 3#tc^m£*K ^02' <&gE^#:«:i 9. 8 
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t i 7 o &&<onm&m%to&*&ftm,z&iz±Mm<Dmmm&Rfe 

£-&tctt^Z, THC (Wf B l2 7. 3#) IC^PX., 19. 8 9 # 
•Cttftffl^ix/i^ofcri^P), T 1 7 0 it ft 515 -T J: o 

mte0ii6 t i 7 o <Dmvox*<Dmm^? * — <Dm$k 
t i 7 o ft m<d */u=i > 2 ' tiLmte&m&Afc+mtovmvtift^&m 

m&W h 7b>\Z.-tZ fcfeld, THC©2' 5fi&ttSr#-r5 
15 ^y^^RSra-KtScDNA T 1 7 0 £3g^£i2r, *mm b TH 

W?^fC£=J- Kt5 CH I j&fc^-CD 1 ot'&5 CH I - Ait^T- (EM 
BO J 7, 1257(1988)) ©3§m £ W^J 1" 3 V -^^-(pSPBl 

3 4 2) SrflMgLifc, p S P B 1 3 4 2 ©Mli»T® J: 5 tff o fc, 

20 ^fa=7 dfpS^^ys' h\ t*^©^^tt) ©liDRN.e a s y PI 
ant Mini K i t (Q I AGENli) &ffl^T total RNA Srjfc 
ttlb, CtL<t 9 S u p e r Script™ First-Strand Sy 
nthesis System for RT — PCR(I nv i t r oge nf± 
) Srffl^tcDNA^fifcLfc. irocDNAJ:^?^-?- BamHI-CH 

25 I -F (gH^(J#-^-4 9) a 1 -CH I -R (SB^J#-t 5 0) , S a 1 -C 

H I - F (gfi?IJ##5 1 ) *5,fctfE c o R I - CH I -R (E?U#-i§-5 2) &fflV> 
TPCRt ct 9 ^tl^fthO. 6kbfcJ;t;o. 8 k bCD^a^TCH Il^»f 
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K&'&tc 0 mbtltzmft&^tl^in B a mH I IdXTfEc oR I . Sail *3«fcU* 
Ec oR I tijkL^fa^ZCH imB^WTftZftUlstCo-jjp E 2 1 1 3 
(Mitsuhara et al. Plant Cell Physiol. 37, 45-59 1996) (2^ >vn>-#— @E?U 

^<9 3Sbfc>& y y^y— *iF>f * & 4/^x3 5 s (e 1 2 3 5 s) ^~ 

5 i:7^y — t? (n o s) ^-5^-^-^tt5 0 p E 2 1 1 3&S n a 
B I -etPHkU B a mH I V — ^#A"T 3 d i: X 9 , pUE 6 & 

nti 0 pUE 6&S a c I TriMsU ¥?&5fc*Ste U Sail!) — (fc <k Xlfcf 
^#7*±) £r*fAL7c„ ^<DZf?** K&H indl I IiEcoRI XmitLX 
#btl^.DNAKff)t^)5 ^E 1 2 3 5 S^Dt-^-^fSlit^IWI 

10 W^tD-^^-pB I NPLUS (vanEngelen et al. Plant Mol. Biol. 
15, p373 (1995)) OH indlll-EcoRI i^-f MC^ALfc :©7*7^ 
5 Kp S PB 1 7 6 &B a mH I tSa 1 I ^«fcLfcDNA^)t<tiiui£0 2 31 
<o^a=r ch I t^f-Wr^ilietS r t i 9 p SPB 1 6 0 1 £#fc 0 C 
^)pSPB160UAscI jft U Vift-fb Ufeo 

15 pBluescriptll(sk-) (X h7^'^-Wi) WtV^-? 

n—^^y-y-^ FEcoR I-Xh o I i^-Y A £ tvC ^ 6 T 1 7 Ojfrfs^- 

^BamHI (cDNAW5' M) iKpnl (cDNA©3' MJ) T'ifbL 
, 5 k b<DT 1 7 O cDNA|ritSr#fc 0 p U C A P (van Engelen et al. 

Transgenic Research 4, 288-290, 1995) OP a c I glHi^rA scl!) — T*g 

20 ^bfd7°7^ 5: KSrpUCAA±t% SipUCAAWH i n d I I I tyWi%M&$: 
. 5' 5fc«B, E c oR I #mirglM&3: 3 ' t«HT, MAC 1 ^a^e— ^— (Plant 
Mol. Biol. 15, P 373(1990)) , T 1 7 Ofcfc^XU^Vy >"&J*l**atGs-?- ( 
mas) ^-U-^e»45T 1 7 OiHS^O^tfi? y h^HflgLfc (p S 
PB 1 5 0 0) „ 

25 BamHI-CHI-F) 5' -tttggatcctttatattcatgtaatcttagaac -3' (IB^J## 4 9 ) 
Sal-CHI-R) 5' -tttgtcgacgtttacaacatcaggcccatttg-3' (SB^U^ - ^ 5 0) 
Sal-CHI-F) 5' -tttgtctactttatattcatgtaatcttagaac -3' (E?lj#^5 1) 
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EcoRI-CHI-R) 5' -tttgaattctattgattccagcactgcttcag -3' (@S£lJ#-§- 5 2) 

±m<D X 0 Id UtiH^HfcT 1 7 OlfgJfi^-t? y b^tt^A s c ID 
^f^«toTIHl|XL, ffji&co P SPB1601tf>AscI i50 $r £M£ I- ^ ^- 
i^TcOCH I 3£3l#Pftij77 -fe y h t ffl C7?|pK 4 4? ^ ffi 3§ 77 ir V h 
5 £ t> fc/<s( -f ]} — <?— <D \y-7 h — (LB) i^l^c^^i 

9 #fb*tfc^ U'*pSPB 1 3 4 2 i:lfc. 

^{-, P SBP 1 3 4 2 ^j|o7^o/^f^A^^iU V— 7 

7f-f * * ^^K^m^rtTofCo ^K^mO^fe(i<2i^lC0^& (Plant 
10 J. 1994 5 p8l) {Z. <£ o fc 0 

7 T 1 7 OOtttl'eOili 77#V-f KlWjcW'lIt 
5l$I#J 6 -Ctfs§* LfcpSPBl 3 4 2 5rT^o/^f!J^7y7r 
iXxy^ Ag 1 0 $c (Lazo et al. , Bio /Technology 9, 963-967, 199 

15 l) i:#Al, y-7f^^^^fflv^67^n/^ry ?i»8;-C^^~~ 
T (p n nffi PL) y -7f-f i-^^i^m^^ofcio 7^o/^f!i 
»7 2»^<D7y * 5 KcD^-A, ^«i|fcm<^ (Plant J. 1 
994 5 P 81 ) ICfcoTho n B „gPLIi77#V^F3' , 5' -?k$MfcBI 
iifiUS^- (Holton et al. (1993) Nature 366, p276-279) , 7 7^7^ K 

20 3' -7KBHfcB*3!t3!'£-?- (Brugliera et al. (1999) Plant J 19,p441-4 
51) fcjK^LTV^fc £ ft L^^t°^ TfeS. 4*3, 

_LfB<£> «fc 9 K It 6 1 ^^<03&£ Lfc^«<i£m^^^ = T£#fc 0 ^ 
= T^#^ bRNeasy Plant Mini Kit (QI 
25 AGElSDSr/BV^Ttotal RNA^fc, :©tota 1 RN 
A l/ig£>g>SUPERSCRIPT First-Strand 
Synthesis System for RT-PCR (INVI 
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TROGEN) &/fl I* T i£*E^S JS&ffW ^CEx Taq (Ta 
k a r a ) & ffl ^ T ©ami" S # ft <£ 9 R T — P CRRg^I 

JSLfcio Tl 7 0©mRNA<Di||i§lu(i/7^-7-T 1 7 O F <t T 1 7 
ORt a-7CH I mRNA©i|tS(:tt/7^-7-CHI F 1 

5 i:CHI RlSrffl^fc. -v — OIE^m^T^ £ *3 <9 T?£>5o 

T170F :5' -GAGCAAAGCACCGTTCGAGTTG-3* (fi5lJ#f 2 2) 
T170R:5' -CTCCGTACATGATTGCAGAGAGCA-3' (gfi?lj#-i§- 2 3 ) 
CHIFl:5' -GCAAAAATGTCTCCTCCAGTGTCC-3' (IE^J#^- 2 4 ) 
CHIR1 '■ 5' -ACTTCTCAATGGCACGACCCTC-3' (IE?IJ#-S§- 2 5 ) 
10 ^^IS^, 3 8li«^f a-7|£#tT 1 7 0©mRNAi5^|jj^ 

*L, 3 2 a-7T*^f a-7 C H I m R N A (DWi'P t>>WL^ 

T 1 7 0 (Dm R N Afc&tti £ tltc^^ ~ ^Tltfr 0 . 5g&2. 5 m 
\ <D 0 . 1 % 5 0 %7t h= hU /Kill t, * 

15 7 ^ tfVf KSrJfitij^ SSSiffcffc* n-v VV^y^ — (HPLC) la 1 
9 ftVt Lfc, HPLC<D^#tt ( ODS-A-3 12 (150X6. 0 

mm) zmit^tcmmm 5 t m ctkitzm^^tco ^#-eiw^a > 2 • 

89#, 21. 6 9 rfrf^tti $ tl5„ T 1 7 0 £3^5!. Lt^5^f^ = 
20 7©^3^tT^^n>2' teffi##l£*fJfc1- 5 f— * & *> , £ 7t 
P CSfciiX*^^ h^SrlfLTV^. £ 6 K T 1 7 0$:BSlTl^^f 

T 1 7 0 (D%m^ X 9 7J >- 2 * <£gB^fls:*s^^$^fc, tfefc^T 

25 17 o ttfit^io^T-^Hg-r s i>;v-=i ^ 2 ' tiLm&mmm* =»— kutv^ 

fa=7CH I ©mRNAi(j:i'>Lt^fct©W{S^^/KDfe?^^ 
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mmmb t i 7 o (Dmyo-^vi^m.^? * — (om^k 2 

T 1 7 0 (D^^t^^-^^T C H I fc&*<D9bfflt£l-fVte-\-ftWL<DjJ 

/V y 3 TkKikBliife^ ( F 3 H) (Britsh et al. (1993) European 
J. Biochemistry 217, p745-754) & 5 « V s t Kp 7 -^4l5c^ 
il^g^ (DFR) (Beld et al. (1989) Plant Molecular Biology 13, 
P491-502 , Huits et al. (1994) Plant J. 6, p295-3 10) <D ftl ffl % ff 5 Z. 
10 i:iClUAc„ 

(8-l)^fa = 7F3HcDNA —^m^ b *7 $ YVt&k 
^^3.— TF 3 HO c DNAat^T-^T pBluescriptll (sk-) 
n — =y^tfcp SPB 2 6 5 5ri§Mi-fflV\ Ml 3 R V p r i me r (IE?U# 
8) tPhF 3H- 1-ClaI primer (BB^J#-^4 0) (Dfafrtefr 

15 i*r-CPCR<Hrv\ PhF3H-li^#fc. -cop h f 3 HmK*: Z e r o 

Blunt TOPO PCR Cloning Kit(Invitrogen 
) *m^X? n — ^■ifX^tzM.. SaclKlal "CSQ «9 ffl U #&0. 7 k b O 
Wf>tP h F 3 H- 1 ' t UfCo — ^T> pSPB265£BamHI <h C 1 a I "CflS 
{liU^O. 9kb«^ l ?liltPhF3H-2' t bfd 0 pUE6&pUC 
20 AP (van Engelen et al. Transgenic Research 4, 288-290, 1995) ©As c I 

mtL^m^mtv, Pad!) %w xvt^?* s: K^pucppttfc 

oP UE6^EcoRIiHindI II -C^kbT#P>tb5Wf>T*0 5 *>E 1 2 3 
5 S/D^-^-^tfDNA|rjt?r, pUCPP (DH indl II-EcoR 
IglM&^ALfCo ^CO^^^^ K^pSPB5 4 0i L/c 0 pSPB540&B 
25 amH I tSa c I -CtPHfc UT# btlZ>m 3 . 7 k b©DNA Wx)i hi , PhF3H 
-1' iPhF3H-2' »7^^3^aotp SPB 1 4 9 8 
Lfc 0 86*. r©pSPB 1 4 9 8(iEL2 3 5 S^o*-^-iNOS^-U 
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pSPB1498 (dsPhF3H) £P a c I \Z. X <9 mit Lfc^m#b 
ftfc#\j2. 6 k b<Dat^^^7i?^ 1 7 0 £ d s CH I % *>o/W ~T V — <? 

? — p S P B 1 3 4 2<DP a c I »|ALT 1 7 0 • d s CH I • d s F 3H 
5 (D3n<Dmfc^tffflJffalZt&/vtls<'{~tV — — p S PB 2 2 0 1 Zffim b 

M13RV) 5 ' -caggaaacagctatgac-3 ' (@S£lJ#-^- 4 8 ) 
PhF3H-ClaI) 5'-tggttcctggatcagtgtgtcttttc-3' (IE£lJ#-^- 4 0 ) 
(8-2) ^^jl— TDFRcDNA Zl^^n^^ h =? ^ h#|^ 
10 a^TD F Rtfe^ ^tf p C G P 1 4 0 3 (WO 9 6 1 3 6 7 1 6) 

amH I teXXFS c a I , P v u I I *D«tI>*S a c I Oifbt, ^MttO. 
8 5k b*5«tt>*0. 45k b^rr^^^Co 2*iRNAMWt5^ilf>M * 
mfrfEL 2 3 5 S/o*- * — (Mitsuhara et al. Plant Cell Physiol. 37, 
p49) ftibtJ^ma s ? — ^ * — & -frbmf&ZtlZX-t v h£> 
15 'MTV— *<9 9 — p B I NP LUS (vanEngelen et al. Plant Mol. Biol. 15, • S 

p373) ©MCSrtH indl I I-EcoRI KUC^AU CftSrp S PB 5 3 
2 t Lfc 0 rft&P a c I X~mfc'&. J$L» >mkVfc 0 

&\Z.&Hm6fotE3&V1t. EL 2 3 5 ST-o^— * — £: 2#4ftRNAfflfJt&fc 
O^f a-7C H I jfte^&bTJHCNOS* — ft* # -fey 

20 h&^tfp SPB 1 6 0 1 &H indlll *5«tt>*E c oR I "C^bL, ^2.5 
k b W$f)T-£#fc 0 :tlH^-pUCP P(£>H indl I I-EcoRI PbI^ 
SAt, pSFL5t UTCo wft&P a c I "CWrU pUCPP ^?? — frh 

worn vrnhntcm 2 . 5 k b (dwx^^^.^ P spB5 3 2©Pad mmuGL 

25 fcy<**— OLBWS_hi5fE{c^J5 J; 5(^AU#W:/7^ 5 K£p SF L 1 

3 1 b/c 0 j^tcrft^A s c i xmitm. w.v >BMbbfc 0 ^W!J6^fs5ziiLy^l7 ,, 

7*5; K^^-pUCAA±X*, MACI/d^- (Comai et al. (1990) 
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Plant Mol. Biol. 15, p373) % T 1 7 0 sUk^SlO^ ^ / tT^J^M***^^ 
-5^-^b45T 1 7 0 3t^(O3Sm*-fey h£r, A s c I -CtiOWrU pU 
CAA^^- ttiU *$3. 5kb©lfJt?r#fc. r. ttSrSGifcW p S F L 
1 3 CO As c I$)WrMtiUZ.'<'?=L=.T<DDFR&&XfCH HS»P^J^"ir^ hi: 
5 PC^i^^i^l^At, #P>Jlfc^9^5 KSrpSFL14iLfc, 

hjm 9 yi^iiie^-T 1 2 8 

10 HpT128iLfc^7^5 K^-g-* ttS c D N A O^KIB^J £: T ? 
7 ^ia^J^IBJiJ^cr)@a^J#-§- 1 4 , 15tC^bfc 0 pTl 2 st^tn 
■ScDNAte, 4 8 97^1^5)^5^15 5. 2 kDatO^y 
/^KSra - Kt5 1 4 6 7 b pOtfefT 1 2 8 %^A/"C?V^, T 

i 2 8#3-Ft57>; / mmw*. in?\z.n&<DibZ>mm&m$sbn 

15 3 Id fa gc L/c i 9 icJfci&bfc h — — v 5 -*^ 

GTH4%, — ^^-ft 3fe 5 G T t 2 4 % <D HI — |4 2r^Lfc 0 £ fc T 
1 7 0 t fi 2 7 %(Dffl — feZm bfco 

l 0 «Ii:*5lt5T l 2 8 tiLfc*<D&$Lbtsmm%. 

20 t i 2 8m.fc?<n*:mwx*<Dmm.te, mmm4^mm^titc^mtm 

CThe QIA expressionist (QIAGEN)£ffl 

(cNcol iME^'J £ iAt 5 «> , JMTtvi^^-T 0 ^^ -^-T 1 2 
8-Nc o I ^lf!l4-C/7LfcMl 3 M4 £r ffi V ^ T ^ J15 #!j 4 £ p] 
25 *©PCRSS*fifofc, 

T128-NcoI : 5' -ACAATTTCAGCCATGGGCAC -3' 2 6) 

#f3^lfcPCRl!fe^pCR2. 1 TOPO vector (I 
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NV I T R O G E N) t£ §!l at # #t $1 i" £ # ifc T if '9 n— =i^Lfc 0 
r©«t9.l-U'C#bilfc7 0 7^^ K*pTOPO-T128tLfc, P 

c RSf&ia -5^7 — tjs/^vn- ^ ^j^ssa^^^i- 6 r. <t «t ^ii 

Lfc„ pTOPO-T128^NcoI > Kpnl t? fftU PS g£ m S L # 
5 b tbfc 1 . 8kb077^^F?: pQE-61 vector ( 
QIAGEN) h iZ.mt& ^7^; KpSPBl 44 1 

fc 0 pSB1441 : SrCompetent high JM109 ( 
TO YOB O) fcJg«4e&Lfco 

io 'm.wmm%ntc 0 z.thzm^^xmMM 5 tciia«t$ixxv^^fet?^/w=a 

ylrSf i LfcfcHB^fStfcSrSOJ^ Ifco T 1 2 8 * & £>«ME 

27. 3 #) l-APX., 19. 89^i21. 69^{C^ttJ$ttStffc^ 

X IrI ^ U fc 0 rtif)(ipQE-6 1 ^ * — <£> & m $ it: KMM 

AU_btf>i£m^<b , T 1 2 8 ft*©i»il4THC(D2 ' fit 4' ffc 
UMl 1 T 1 2 8 ©H^T-ro^S^^ ^-©ti 

t 1 2 8 gi & 0 # /u =1 ^m'u&wmm.fc¥m®<Dmwfcx*(DMm*w 
25 fa = 7ft*©*;^>^y^ =7 — if ^ttSr'^r-r 5 9 k 

t5CH I - A3tfe I F-©3S5iSr*Ii*«J $*S*^Sm^^ -t- y ( 
PSPB2108) «:fl*36Lfc. p S P B 2 1 0 8 tf> fjs ft H IS #1 6 i: 
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^f, P SPB160l£rAscI T'l«, Jft V Vtc a 
IklZ., pBl ue s cr i p t I I (s k-) <D ^ ^ P — 
t^f McSA^tltl^T 1 2 8i€T-§r, BamHI ( c D N A O 5 
5 ' mW £ K p n I ( c D N A <D 3 ' $SSlfUJ) T*ffl<£ b, T128cDN 
AWfK-«T#^io ^(-^7^5 K^^-pUCAAlf, MACl^n 
^r — , T128 itte^&tf^ ^ / ei"£ricB¥&*fc^* — ? 
-^5>/i5T17 0 AB^^m^X -fc y h Sr. pUCAA'^*— ©B 
a m H I UQBrg&tfcS: 5' 1 Kpnlt^h^3' Si LtllLfc. 
10 i©T 1 2 8|§I|**'> h^#:£ A s c I^lriaoTpUCAA^^ 

pUCAA^^^-/5^As c I -C-K <9 ttt b fc3§ 3» # ir y b £ > ituxfi 
(DpSPB1601»As c I #J0r8Btfcl£ v jl^TWCH I 38 ^#1 

$|J # -fc h <t IrI b # ft . -fti:t>ibm&&.#±v h b iiiz^? # — (D L B 
15 <B!| tf* JiSfcfc ft 5 «fc 5 KJfA b , # b Hfc -77 X ? K*p SPB2 1 08 

1 2 ij/vzx i/mfc&mmmfc^c g t 9 3 <z>&# 

T 1 7 OSr/n-T'i: LT, a y^#7-<7'7 y — 2 4 O 

20 0 07"7- <9 ft -z>tii e *?V— ^y^CJ: !57°7 

^ 5: K p C G T 9 3 £r#7b 0 p CGT 9 3l:-aJtl-5 c DNAIt 4 8 
17^7 WZfrh ft 52. 8 k D a CD* > ? JC & =x — K1"5 1 

4 4 3 b p CQitfE^-C GT 9 3 £ A, V> fc e CGT9 3 # = — K1"5 
7 ? 7 BftBB^JSr, i~TMc#^(D fc 6 mm&Mm t MMM 3 IdfESfe bfc J; 

25 5 Kit«Ufcl:w5!l^^^^ h — ^-7* — i?—m *GT £ 2 6 %, /< — 
-<-^ fi*5GTi 2 3%<Dm — Sr ^ U fCo £ /c T 1 7 0i:li6 3%, 
T128ili25 — t^Sr^ L7c 0 p C G T 9 3 ^tf^ilSlfe 
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£ IE 16,17 ^tu^n^-To 

mmm 1 3 ^ni:fci)5CGT 9 smi^^^^m-tm^m^: 
5 c g t 9 3 itfc^tf>*M-e<D3g3m, His^y 4 icf&mzntijvfet 

IWJCThe QIA expressionist (QIAGEN)Sr 
ffl^ttTofco CGT9 3 ±<D^ijte^^ititfc^-<7)P^#J =1 K^<D 5 

' filtNco I SBfftBByiJ&SIA-rSfca&K:, JgAT K ^ "T 7 -f — A 
93-75BspHl£A93-75-Bgl I I £ /B ^XMttffl 4 <t 
10 PI©PCRS£^ffofc, 

A93-75BspHI : 5' -ACAGGATCATGACTTCAGGG-3' (SB?IJ# & 2 7 ) 
A93-75-BglII : 5' -GGAAGATCTAATATACGTGAGTAC-3* (iB^!)## 2 8 ) 

#bilfcPCRlfe?;pCR-B 1 un t I I-TOPO ve c t 
or (INV I TROGEN) 5 ^mx^ Zf Z a — 

15 =y^U'pSPB 1 4 6 9 tlt PCRSJSl;i5x7-^ftV^ 
i: ^m^IB^J^^^i-?) r £ «£ «9 flfeSJ bfc 0 iW P SPB1469£r 

b s p h i , b g i i i xmmmmmm\^'&htitz.m 1 . 8Kb(D77 

^ 7« V h pQE-61 vectortf>NcoI v BglII^OI£rr 
nm^Wife /7^-;FpSPB 1 4 7 0 £#fc„ r<DpSPB14 
20 70-SrCompetent high JM109 t£7£S£lEifc Ufc. 

C GT 9 3 *^<D!^^#^^3lfe^-^^^.$ii:^^JJIffiOttm^Sr 
25 ^Jfo $-frfc £ r THC (^^B32 7. 3^) JdflPx.. 19. 8 9 

(D^w^mt-^nv. pqe-6 is<? *-(D&z&m.t^ttL*Mmfr 
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*>b CGT 9 3 IwS^tSte^iifu.tottCfclfeiti&nS. 
&±<DfaMfrb, C G T 9 3 a3fe©ttf*M£B**ttTH C <£> 2 * 

5 

CGT9 3 & &GD# A-^ ^Stfe^^^jt^^-ll^^tt^^^^^te^ 

wbfr\z.~rz>itibK > cGT93^M^t, *iitif^ii:i:t 

— (pSPB1494) £f#^bfc 0 p S P B 1 4 9 4 ©f^JHttUffl^ 

£1\ pSPBl-601'SrAscI T?$Hfb8K Itt V bfc 0 
2fc t31 ; pBluescriptll (s k-) ©-r/l/f ^ B-=y^ 
15 t'f K:jfAS*lT^SCGT9 3ifif S:Xho I (cDNA<£>3' 
$S<R"J) "CiMblfe, DNA Blunting Kit (Takara 
) iZX^mit b> #CfcBamHI ( c D N A <?> 5 ' $M) TjfiftLTC 
GT9 3 c D N ABJfJt£#fc„ # <b tltc C G T 9 3 cDNA»f^4, 

20 V^fifcififitfc^-* — U^^-A»b*5p SPB 1 8 4£Kpn It 
iftf DNA Blunting Kit X^-ffijk Ltllu Bam 
H I IdT^Hb LfcU->r #A l>fd 0 ^— WB a mH I SQITrfcPffcS: 

5' C Kpn It^f b^3' SHTMACiyn^-^-, CGT 

9 3 mB^RTj-^ v ; t'l/'&m&mi&fc** — s ^-^-^t^^ie 

25 f ©36fl*t yhpSPB1493 tt. 

Z.<D£o bfcpSPB1493£As c IijlitioTCGT 

9 31i*t7 h^{*:|:pUCAA ^ * — rt> <b #J «9 W b , Sff^Op 
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SPB1601tf)AscI mm&tiHZ^?- ~T(D C H I |g 31 ffi'J # * 
h <h C^-fp] „ -T^^-^M^m^ -t y V t t> it^<? * — (D L BftiJ^_b 
flfUCftS «£ 5 (-3f A L^ibttfc^ * 5 K^pSPBl 4 9 4 Lfc, 

5 mmw\ i 5 h7^->a ^7^/7 y-o^f 

po lyA+RNAftjlfc, CLONTECH PCR— Select 
cDNA Substraction Kit (CLONTECH 

10 c D N A 7 4 V V — &YfU Lfeo 7 J»i/—? 3z>-^<Dl&M. GT 

ktsmfecDhz ? i 6 isiifc, if^ >-e#^nfc 

ctl^GT^^D^'^o - >-(*^^S <h LT# hthtafr^ <D Tv Wig. 
GT**n^i^Sr7°o-7 , i tt^#cDNA7-<7'7y-J;!) 2 4, 

0 0 0^ a-y(:o^X^^ U — ~ > V^ff^tCo V — =- ^7 tern 

15 mm 2 ^is«c^^?*{c^o fc 0 

1 6 7jyU=i ^J&fijte^^lf iH£^- S 6 B 1 1 

MMM l 5©t7'h7^'>'3 y|cio-c#t)iifc^ o-y p s 6 B 1 

1 t VtzZfy * * VK^&nZ c D N A<Di&mWZ&l tT * / ^SB^iJ $r IE 
20 ?im<£@H?lJ#-5§- 1 8 , 1 9(u/TLfc, pS6Bl UC^tn^cDNA 

te, 4 8 37^ / i^^^S^fiS 4. 4 k D a <D $ 1/ ? = — 
K-T ^ 1 4 4 9 b p <DMB^- S 6 B 1 1 £^.A,-T?V^7c: 0 TIC ^ <£> 

s^^gn^ nmm 3 (cismLfc «t 5 ufc £ r ^> y tr^* h 

- — — & 3fe G T HO%, s< — ^7-*^ 5 GTt 2 6 %<£>|wj — t£ 
25 £ ^ L ft o JfcT 17 0, T 1 2 8 , C G T 9 3 t fc* tl^tl 2 7 % „ 
5 4%, 2 7 %<£>IH — Lfc» 
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1 7 S 6 B 1 l©tifet'©fl^^^-©ii 

s 6 b i i & %z<Dj3j\s=i i/mm&mmmte*mw<Dmmftx°<Dmmz 
whfr^-$-z>tcfrK, s6Bi^ii^, *^iisi^^n:^t 

5 — KtscH i - Aitfc^o3§g?,£#j]ffjij ^-tts^issi^ y — ^ * 

- (PSPB 1 3 3 5 ) Lfc 0 pSPB1335 (D^mte^Mm 

*i\ pspbi6oi^asci -eMM, Ji£ y >-®Mt;L/c 0 

#C f£ pBluescr ipt I I (sk-) (O JV ? n — —is ? 
10 t-f M:#A.SilT^5S6Bl SrBamHI (cDNA<D5 

' irKpnl ( c D N A <D 3 ' $MJ) tffilb L > S6BllcD 

N AHf,lt£#fco K^n-pUCAAif, MAC 1 :/ 

c^e— , S6B11 itte^&u^ ^ / t° ^^fcrnmrnte* * — x 

-^-!i^45S6Bll iHHT-cO^^^ir ^hSr, — <£>Bam 

15 H I -t;UW£lH4£ 5 ' #n}, K p n I -£)HfrgM&£ 3 ' tti t It^lfc, - 
OS 6B 1 l&m.*±'S' h^flc^rA s c I Wm\Z. «£ o T p U C A A-< ? 

_L1E<£> i$tlSD0aiLfcS6B 1 1 Bli^i? jx h lW3&<£> p S P B 
1 6 0 1 (DA s c I qimUtiHC^^ zl=lT<DCH I Igmffll^'J^-fe y h t 

20 IHC^fR], -fts:t>lbmmtJL*± y Y t i> K-<? ? — <d L ±ffifcte 
5<tp ^hthtzzfy ^ * KSr p S P B 1 3 3 5 t Lfc„ 

18 S 6 B 1 1 <DmWT*<D&tJLt 7 9 J << K*Ufc©&fl; 
^JS^lJ 7 {CfSaZli Lfc «fc ? id, pSPBl 3 3 5 i7^B/<^f y i)rA 
25 ^^.^^T^^^^Ag 1 OftUd^AL, a=7PL**igRfift 

-Lf2<£> <fc ? IT 2 7 bfd^K^m-<^^ = T P Ltfc£# 
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fc 0 - T R N A*IHl^Tl£lfc0i| 7 ^i©RT-PCRg 

fcZMM VtCo S6Bll<£>mR N A <D¥&1& kZ. fi zf 7 -f ?-S6Bl 1 
-RT-F£S6B11-RT-R&, CHI mR N A©|fe|:(j;I 
MM 7ilSli:CHIFliCHIRl*fflV>t. &-?y 4 <? — (DlBa?!J f4 
5 ^T©i«!)tfc5„ 

S6B11-RT-F:5' -GTAATCCGCTCATCAATGTGGAG-3' (IE^lJ## 2 9) 
S6B11-RT-R:5' -AGCAAATGGTTCGTCGTCAGAC-3* (gB^J#-^3 0) 

^(7)^^:, 2 4|iC<f3-7l#tS 6 B 1 1 0>mRNAtfStfctti 
1 lliO^f a-7fCHImRNA©i'>^i|^fc o S 

10 6 B 1 1 <7)mR N AtfS&tti $ tltc<3- ~ ~Tl£#fri±>mMM 7 £ PUH 

77*V-f K&ttffl ODS-A-3 1 2 ^m^^tc ^ ^ / —/i-Mmzk 

(D-mi&mvf? ci ^77^ -cTM^fiofc. S6B1 un^t 

^7 7^ia <9fl?#rLfc£ w5^f K>t°-^ «^^(c-®:bfc 0 
J^_hte, s 6 b 1 1 rofiiij; <9 */w=i ^ 2 ' {fciaitfrds^^^yt, 

s 6 b 1 1 amm^^xmrn-r s >- 2 * ffctetegmss* 

20 *5V^Tfi. CHIOmRNAKiMLt^fc^^iU^©!?^ 

MMM 1 9 */^yils^iS 1 2A2(D|l# 

H*S 1 5©t^h7^'>3 Vtiot^bilfc^B-yp S 1 2A 
25 2 - a 5 ' f£$t/^£c LT l^7t 0 S12A2-RT, S12A2- 
S 1 , S12A2-A1, S12A2-S2, S12A2-A2 
W4l(D7 , 7'f-7-t5' -Fu 1 1 RACE Core Set( 
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Takara) £r ffl ^ 5 ' -RACEiui^O. 4kbg|W|(Jt 
&* T A c 1 oni ngLfc (pSl2A2-b) 0 /7^v(:o^ 

S12A2-NcoI : 5' -ACCAGACCATGGGTGCTG-3' ( @E £0 # # 3 1 ) 
5 S12A2-S1 : 5* -GAGATTGCAATGCGCATCC-3* ( IB 3?U # 3 2 ) 
S12A2-S2 : 5' -GTGGCCGACATGTTTTACCC-3' (@E^IJ# -*§• 3 3 ) 
S12A2-A1 : 5' -GCATTCTCACAACCCTCAGG-3' (gS?lJ# -5§- 3 4 ) 
S12A2-A2 : 5' -TCTGTTACCCGTGTCAACTGC-3' (E?IJ#-J§- 3 5 ) 

p S 1 2A2 - b &mmK^:^ S 1 2A2-Nc o I t S 1 2 A 2 - 
10 A2-CPCRtTt|iiLfc|fjt^^O ? TA ^n-^^^L^c (pSl 
2A2-c) Q pS12A2&NdeI, Kpnl ffifc L fc A IDr 

p S 1 2 A 2 - c h (diAtfc-<^ ^-£fifH L, 

£*a tf^ n — ibtLfc ( P S12A2-d) 0 -7=7 * % K(C<g-£*L 

5 c D N ACDM^mm tT 5 / Mfi?iJ£@ES«<Oia?iJ#-^ 2 0, 2 1 
15 ^b^c„ pSl 2A2-dl:^*jl5cDN'Att, 4 8 

^-5^^-*5 5. OkDa©^W^S«:3-Kt5 1 4 5 8 bp0i 
feT- S 1 2 A 2 ^-^A,T'VNfc„ i-T^#^(Ofcsi*^E#^m £ 3 

5 7%,/^^tfi*5GTi 2 5 % tf> |frj £ ^ U fc „ * tc T 17 0, 
20 T128,CGT93,S6Bll<h tb^H 2 7%, 52%, 27%, 

6 7 %<£>|r)— U/c„ 

HJfcW 2 0 ^/Jili^joft'g) S 1 2 A 2m.B z F<D?£m.£fikVkm7£ 

S 1 2 A 2 3t<E^O^ili®-eo|giiH, Hjffiftl 4 ldiE«c$;ftfc#&-e 
25 The Q I A expressionist (QIAGEN) £ ffi V 1 * 
T^To^Co 1 9 {£ # -5 p S 1 2A2— 'd&Nc o I £ K p n I 

-cnHt l, p q e — 6 i <Dm-y-4 b lpspbh39 u 
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fc 0 pSPB1439£rCompetent high JM109 
(TOYOBO) (u^f g^Lfco 

ffl.mmwt*'&tc 0 ztizm ^^xmmm 5 \zts,m£inx\,^z>%mx$ 

S 1 2 A 2 S3l5©*Ste»i*igiSe^*38m$^r^:^:l&ffi<Z>ttWfR'S:^ 
j££*7c <t ^ 5> THC (ftftHfl 2 7 . 3#) fcU&P*., 19. 8 9^ 

10 Tffi&ffi 3&>ofc r<t75^S 1 2A2 iCft^f^f i^HilC £ o 

15 HJfiitf!) 2 1 S 1 2 A 2 ©ftft.-CO^^^ ^-©iSi 

s i 2A2f±i5fc<o#A'=i i/mm&mm&B*my>><Dmwfcx(Dmm% 

— KtSCH I - Am&^cD$£m.ZtfiUtSi£Z)&¥£%l/<4 i- v * 

20 ~(pSPB1478) ^mmVtCo pSPB1478 <D M f* MM &\ 

p spbi6'oi*as c i xmitm. m v >®nt ufc 0 

Hk\Z., pBluescriptll (sk-) <T> *f- 1 v—z^l/Sf 
f--f MdJfA$*T,T^5S 1 2A2 He?- £ B a m H I ( c D N A <£> 5 
25 ' ftftiNI) £ K p n I ( c D N A<7} 3 ' MJ) T'$Hb S 1 2 A 2 c D 
N At&frtffc^fco ^CK^T* 5 F^^-pUCAAlt% MACiy 
n^e-^- N SI 2 A 2 aHH^&t^W ¥ ^&f&mmWLB* * — ^ * 
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-^-i>f»ft5S 1 2 A 2 itfc^Of&ia^i? :v b am 
H I ^JKffSB^S: 5 ' Aft, K p n I 12) Bjfr £ 3 ' Aft £ LT||Lfc 0 r. 
CO S 1 2A2Wty h^ffcS: A s c I#JBfMCfcoTpUCAA'<* 

5 _htaco «t o tLt§)'5 tBLfcS 1 2A2»S*t? h tusiiCOp S 
P B 1 6 0 1 OA s c I #J»fgP{fct-^^~ = Ttf>C H I |g *i #jl fjfij # i? ^ 
h <t iwj C # [p] , -tts:t>-hmm*jLJm y h k k h iz.^< 9 9 — co L B #J _b 
fflEK&fc «fc 5 {-if A U,#^tLfc7°7 x * KSrpSPBl 4 7 8 i tfc 0 

10 MMM 2 2 T 1 7 0 COffi^-C(D^ia 2 

p SFL 1 4%mMW7\Z.mT&lstz£ : ?\Z > T?'vs<?T!) ^7^7j^> 

(CpSPB2 20 1 tPLtti^^l^j/ Ktt(-^M^bfc 0 

15 HJft^J 2 3 T 1 7 0 <Dim9X*<D3£ms<? * — ©flMS 3 

fcw* (f 3 h) ^m^z^m^? *—&mm^ti 0 s< — ^-^-oi^-m^ 

—^-r (9 \rry (Sftffiff) ) ^*och i £*rpx.5*!^-<^-£:, chi 
20 iF3H (S&ft#D ) ©Po*fc^#»&»;fca^3i^*-***L 

(23-1) h U--TF 3H c DNAI*!^^ h?? h (dsF3H) i| 
M/-70^#cDNA7^7 f 7l)- (Molecular Breeding, 6, p239, 2000) & 

25 y^L h ^70F 3Htfi^S:©#Lfc, 

h U— TF SH^cDNAl^^pB luescriptll (SK-) tC 
i7t3— ^^i/Ufcp SPB 2 6 6«:0*S!KfllV\ M13RV Primer (SE?"J 
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48) £ThF3H-Sa 1 I 1 pr imer (ga?U#-5§- 4 1 ) <Dm.?*itfr> 
l£X*-PCR$:ff\,\ Th F 3H- lBrtf&^fco Reverse p 

rimer<bThF3H-SalI2 primer (IB£'J#-§- 4 2 ) <DB.^^t> 
-#-CPCR£ffV\ Th F 3H- 2$Ut£#fc„ T h F 3 H- 1 #rJt • T h F 3 H 
5 - 2BJr>i-£rTOPO TA cloning kit(Invitrogen)£- 
iV^TA^ ^^Lfctg, ftfJ^fiS adiSal I Ti2J <9 tti U mo. 7 
5 k b (DfflrftT h F 3H - 1 ' £ Vtc 0 — ^#«B a mH I tSa 1 I "C^O f 
tUU *$0. 9 k bW^ritTh F 3H- 2 ' t bfc G pUE 6 SrH i n d I I I t 
E c o R I Ti^LT#f)^/D^-^-^tfDNA^pUCAA©H i n 

10 d I I I t E c o R I Ml^ALfco r*b£B a mH I t S a c I TliftLti 
^37^3. 8 k bcoDNA^ir Th F 3H- 1 ' t T h F 3 H- 2 ' Wr>f3: 7 
^^->3y(aotp S F L 3 0 8^«^L-fd 0 :©pSFL3 0 8teE 

L 2 3 5 S^n^e— ^ — T^d s F 3H t NO S ^-^>-^-^^of M t 
3„ p S F L 3 0 8 ( d s T h F 3 H) £r A s c I fc. «fc 9 fflj-fk Lfc^#^>tbfc^ 

15 2. 7kb(D|f^i^L^ pBINPLUS^Sma I»iAttp 
SPB 2 2 1 8SrflpffilLfcoMa c ^n^- — ^— £ m a s * — 5*— * — l£#e£*L 
7tT 1 7 Ost^^-ty hiS$)3. 7kbSrpSPBl 34 2/9>(bA s c I V fcij 
U p S P B 2 2 1 8<£>A s c I^fiCiAl, T170<tdsF 3H<D2oOat 
^^l^l^[p]^o/c^^y-^^^ — £«igUf (pSPB2223) „ 

20 ThF3H-SalIl) 5' -ttctctgtcgacgcccattgcc-3' (K?IJ#^4 1) 
ThF3H-SalI2) 5' -cgccgtgtcgactcgcttgaag-3' (SB^J#-^-4 2) 
(23-2) y<—<-r (gftj&OO ) d s F 3 nnmrn 

/^t©^#cDNA7^y7!)- (Plant Cell Physiol. 44 sl22 (2003) 
) ^f^-7©F SHit^T-^^n— ^{^ UTH»!J 2 {Cfe«t<^^T^ ^ y — 
25 ^<-^(^F 3 Hmte^ZW&VtCo 

y<—^<-f-F 3H(D c DNAlfi^^pB luescriptll (sk-) \Z.<? 
u — =Li/Wf- v SPB9Bs t X I T*i^f¥^kL, *:<D'&, B a mHT'^ 
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#i8fbU"#&l. 1 k b(Djt^BffjtSrll]l|Xb-CHa F 3H- 1 t Lfc 0 P 
SPB9£SacI<tHaeII TftHfc U 16 0. 7 k b (Dm&^mft&mtiL hX 
Ha F 3H-2 <t Cfc 0 pSPB540£B a mH I i:S a c I "CflWb UTW&JX 
5#*J3. 8 k b <7>DNA©rjt£H a F3H~UHa F 3H-2iJi?r7'f ^— > 
5 3 yiUotp S P B 2 5 0 1 £$H§Lfco :©pSPB 2 50 1«EL 2 3 5 S 
Tf-d s F 3HiNOS^-5^-^-^'bo«Mi5 0 
(23-3) ' <-f {?\?T> (Sfti&tR) ) dsCHI« 
/^t^l^cDNA^^!)^ (Plant Cell Physiol. 44 sl22 (2003) 

10 -y^t^-^tCOF 3Hl{E^?rMUfc 0 

/^tCH I <£> c DN Ait-fE^-^r pBluescriptll (sk-) {C^ 
n— — >-;/Lfcp S PB 2 1 0 9Sr#&MtcfflV\ M13RV Primer (&M 
#-S§-4 8) iTpCHI-XbaI2 primer (@3^IJ#-*§-4 5) ©»^*> 
■t"CPCR*ffV\ T p CH I - lEMtSr^fco tfc»TpCH I - S a 1 I 

15 primer (gfi?lJ#-J§-4 3) iTpCHI-Xball primer (E?IJ 
#-§-4 4) 0«a^^-Br-CPCR^rttV\ TpCHI-Zi^^Ufco TpCHI 

- 1 IKfjt-Tp CH I - 2irit^rZ e r o Blunt TOPO PCR CI 
oning Kit(Invitrogen) n — ^^ifX^tzM, 
(SB a mH I £ X b a I T*#J 9 ft U S$ 0 . 6 8k b ©»fjtT p CH I - 1 ' £ C 

20 fc 0 ffttXba I tSa 1 It'§J»)ffiU ^0. 5 k b ©Wf it T p C H I 

- 2 ' t bfc p S P B 1 7 6 <£>GU S3t4s-?-M&£: B a mH I t S a 1 I XW <0 
mVXm\<^tcDN AMK t , T p CH I - 1 ' tT p CH I - 2' »f/t £ 7 
Vayiaotp SPB 1 4 8 6£fif§gCfc„ ^OJfem, p SPB 1 4 8 6ttEL 
2 3 5 S7*D^^-TCd s CH I £NO S * — 5 — offlfifi&i: 5„ 

25 :©pSPB 1 4 8 6^Pac I "CfPHb^, PacI-FselF (ga?IJ#-5§-4 6 
) tPacI-FseIR (Sfi^J#-^4 7) ©2ii©ty =fDNA^7=-/l^$ 
-ttfcP a c I -F s e I T^^-SragAU fffciCF s e I gfl#:&#A Lfc p S 
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P B 2 5 0 8 SrfNKUTto 

TpCHI-Sall) 5' -acgcagaaaaaagtcgactg-3' (ffi?ljf^4 3) 
TpCHI-Xball) 5' -gaggtgattgggtctagag-3' (@fi^J#^-4 4) 
TpCHI-XbaI2) 5' -atttctagagcaggtccgacaat-3' (@E?iJ#-£r 4 5 ) 
5 PacI-FselF) 5' -taactgcactgaggccggccagat-3' (IE^IJ#-§- 4 6 ) 
PacI-FseIR) 5' -ctggccggcctcagtgcagttaat-3' (IE3W-§"4 7) 

(23-4) ^ (SfltiftSQ ) d s F 3H+^t (^t'T^ 

fftttSI) ) d s CH I <D«^ 

P SPB 2 5 0 1^PacI «LT#^tl5, 2.9 k b tDitfc^ >t £r p 
10 SPB2 50 8©Pa c I«^AU p S P B 2 5 0 4?rtiUc„ 

(23-5) /<-^tt'©T 1 7 Oit^^-fg^.^^ ^— <Dt#H (T170 + dsCHI 

) 

^1^6«p SPB1500&AscI \Z.£-z>Xm<9ttils. 7kb© 
T 1 7 Oitfc^-fes/ h^pSPB 1 4 8 6 CO A s c I ^m^Ai~^ ^ t\Z.X 
15 «9,T170£dsCHI 0 2®^c/)jl^^ir iy h^itt/Wty^^?- 
pSPB 1 2 8 7WLfc. 
(23-6) /<— <^"?C7)T 1 7 0il{E^-|5l^^^— <Om$k2. (Tl 70 + d sCH 
I + d s F 3 H 

pUC19©EcoRI SMitC E c o F s e 1 (IH^J## 57)<!:EcoFse 
20 R (SH?lJ#-5§-5 8) (D^-D =fDNA^T=— /l-^-fryciT^^^ — E c o F s e 1 R 
&mA'&. Hindi I I gBlilCH i n F s e R (@H?iJ#-^5 9) tHinFse 
3 (fE?IJ#-5§- 6 0) (O^-y N A£rT — — /^ & IttcT ? — H i nF s e 3R 
^lALT, pUC 1 9<D-^/l^^n— h<Oj^WJ(-2^M^>F s e I 
gMSfc^ALfc^* — &#I^L*: (pSPB1838) 0 pSPB183 8 SrH 
25 indlllirEcoRI t??Hik bfc^. 5fc«B¥?frfb H«lJ 6©pS 

PB1500£AscI (Ctot^^tBL, 4C53. 7 k bcOT 1 7 Oiffe^ 

•fe y h ttmw-mtfk. nx-rz> ^<tid e tf9 P sPB2505 ~ <Dwn\z. 
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«k k> t i 7 oomttjo-ty b&F s e i zm^xm o mi-r £ a* 

pSPB2505£Fs e I ffrffc LT# btvS 3 . 7 k b<DT 1 7 OifrfK^ir 
yhtpSPB2 5 04OFseI «iAlTp S PB 2 5 0 7£fgggbfc 0 
tA_h(D^m. p SPB 2 5 0 7iU±d sCHItT170, dsF 3H<D3itfc^- 

2 4 /<-^tt©T 17 0 
p S PB 1 2 8 7 5f7^n/^f !i >)Ay^7T^^Ag 10ft(Biot 
e chno 1 ogy) tC^Ab, ffitt£>CD;fr& (Tamura et al. (2003) Plant Ce 
10 11 Rep. 21, p459-466) Id £ «9 ^ (p° n i 1£^m*jJ—^y h) {^Wfe^ 

_hfE<£> J; 9 LT 7 ^^O^^bfc^M^^^-^^^^f^ a<-^K£#<7)R 
NA£fflV^-CH»!l7 il^^ORT-PCRS^^^JSbfcio T 1 7 0©mRNA 
a>tifB^»*HJfe^l7 ^IhI^cD^'^^-^— T 1 7 0 F h~f z 7^(~^ — T 1 7 0R(D7" 
15 7^-7-^ffll/\^-^tCHI©mRNA(DMittTpCHI-Sa 1 I p 
rimer (gB?iJ#-5§- 4 3) tTpCHI-Xbal 1 pr imer (ga?ij#-^ 

44) %m\<^xffio. 5 k b<Dm&^mft<Dm%&xmm^tc 0 ^<d^. 7^m<D 

^—^-tltfrXT 1 7 OOmRNA^tli^^ 3 ^M<D/<— <^7£#-t*^— <-T 
CH I <DmRNAmm>M<Di$.'PftWl^£tltlo T 1 7 0 <7?3g^/RilgT*£ fc 

20 7%km<D (SaT170#7) C^76#^^=i> h o — /KO^-fe('it-< 

mmm 25 t 1 2 s <Dmmx<D&$L t^^^/j vm.s^<omt 
mmmi lxi^mvtip spb 2 1 0 8%nMm7Ktzi&vfc£ pi^r^n^ 

25 ^^^77^^Ag 1 0ttl^AU^3.=7PL|*«^L 
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8©mRNAO«itli^7^-r-T 1 2 8 -F (@B?IJ#-5§- 3 8) iT128-R 
(@2^iJ#-^-3 9) CHI (DmRNA<Dm%&lMmf&&\8 tWlCCH I FdrCH 

5 T128-F)5' -acgagttagaacccgagtatgctg-3' (IB?l|#f 3 8) 
T128-R) 5' -cagtgtgtcacgaatcctcctacg-3' (IH^jff 3 9) 

1 9115©^ a = 7l#-CT 1 2 8©mRNA^|il$^ 2 6^ 
^fa-7t*CH I ©mRNA©^>iSftSi$ilfc. T 1 2 8 ©mRNAd^ 

10 mm 5 tmm<D^m-cHP-Lc^x vAffizn^tc* t 1 2 srautv^^ 

a = 7©H2«^/^y2' <fcBB*S<*: *f-JE&-t~ -5 t°— ^Srfc*^ £fc, PIC 
KiR^^^ h^tltv^o $ <bl-T 1 2 8<£r|gmbTV^^aL=T^#<7?tt 
ft^i:*/^ V2 ' fiEE*S#«r=i* h^77^f-lc<t; ?) fl?#f bit £: ^ ^E>> P5# 
<DM'— ? Y&E&K.— &Vtz 0 U±fc. T 1 2 8 (£>3§3ll-«fc t> #^aV 2 ' {i@B»f* 

. HJfi^l2 6 Tl 2 8(DffifeWM^^^-^fi2 
(26-1) T 1 2 8 — T d s CH I + d s F 3 H 

20 pSPB1498 (dsPhF3H)SrPaclW9 ffiit V1t1&M&btll!i1fo 
2.6 k bOiHS^PTJ-fe^ h£T 128<hdsCHI £ to/W "7" V — ^ ^— p 
SPB2108OPac ftSffctCSlA UT128-dsCHI -dsF3H©3 3S<D 
Jtte^&^fc-ttrfco^^—p SPB 1 4 9 9^iilfc, 
^ (26-2) Tl 28 + h U = T d s F 3 H 
25 Ma c /n^-ima s ^— 5 ^ — ^ — t-#5£tb7t T 1 2 8 itfc^-TJ-fc sr 
h#j3. 7 k b£p SPB 2 1 0 8frbA s c I "C-yO 0 fcfcl U 2 3t'f^lL 

fcpSPB2218©AscI gflfil^A U T128£dsF3 HO 2 Jtte^a 5 
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IH^fRltCicofc^^^-y — s<?2— &M$&Vti (pSPB2224) 0 

2 7 T 1 2 8 <DW&-Q(D%m, 2 
pSPB 1 4 9 9 7 t£fS3zi! Lfc £ 5 7^n/^f V V^yfJr^ 

H«!l2 8 CGT 9 3 (D^m^^^m,^^ $ — Otj§^ 2 

(28-1) CGT93+^fa-7dsCHI + dsF3H 
PSPB1498 (d s P h F 3 H) 3rP a c I <0 mit bfc^#^>tt/c^ 
2.6 k bOafrfK^ir y h^CGT93id sCHI £• to/^ y — ^ t? — 
pSPB14940Pa c«iAlCGT9 3-dsCHI-dsF 3HCD3 
Stc03tfe^Sr^*>*to/W^-y — ^ p S P B 2 2 0 2 SrflltgLfcio 

(28-2) C GT 9 3 + h U=T d s F 3 H 

Ma c /n^-^-tma s 9— ^ — iC^^ttfcCGT 9 3iH2T-#ir 

b#!\J 3 . 7kbSrpSPB1494^bAscI "C^O <9 tB U 2 3 "Cf^ 

LfcpSPB2218(OAsc I«iAl, CGT 9 3 <t d s F 3H©2 j£Nzs 

^ftrnxfaKm-otcsui-v zmrnvtz ( p spb 2 2 2 5) 0 

HJ&tflJ 2 9 C G T 9 3 ©flt*t-©|gi 

p S PB 1 4 9 4^HM7ra5zt!UfcJ: 5 f-. T?us*?7-}) ?J*y*?T^ 
i^Ag 1 OW^iAL, ^-TPLtt^fiiLfc, pSPB2 
2 0 2^ a =7PLti:^7i/iy K**te:JBJHEifcLfc, 

^W(|30 S 6 B 1 1 ©Itlt-©M^^ ^-©ii2 
(30-1) S6Bll+^a = 7dsCHI + dsF3H 
PSPB1498 (dsPhF3H)£Pac I \Z. J; «9 HHb UfcJfeJftftfcix^ 
2.6 k bOiit^^-^i?^ h £ S 6 B 1 lid sCHI Srto/Mty-^^- 
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pSPB1335cDPac gfltel-^A LS 6 B 1 1 • d s CH I 'dsF3HW3 
m(Dmfc* : £&£>1fb^s<4 -T V p S PB 2 2 0 5%ffimVtc 0 

(30-2) S6Bll+h U=T d s F 3 H 

Ma c — ? — i:ma s * — 5; ^ — * — t£f££tL#: S 6 B 1 lifr(S^;*7ir 

5 7^3. 7kb*pSPB 1 3 3 5HAscI "C#] <0 fcB U 2 3 "CfNKi 

LfcpSPB2218 CD A s c I SWfcfc^&AU S6BlUdsF3 Htf>2 iHS 

— (pSPB 2 2 2 6) „ 

MM&l 3 1 S 6 B 1 1 <DmydX*<Dm$L 2 
10 pSPB220 5£»I#j7iClfEi&LfcJ; pt.T^'n/^fy ?A7^77^ 

3 2 S 1 2 A 2 (Dm^d-Wm^i^? ?—<Dm%k 2 
(32-1) S12A2+^fa = 7dsCHI+dsF3'H 
15 pSPB.1498 (dsPhF3H)£:PacI \Z &<Q ffiit Lfcl&JMt bttftiftj 
2.6 k b<Djt{K^^7ir y b£S12A2£dsCHI Irfco/qt!)-^^- 
pSPB14780Pa c TClIC^A L S 1 2A2 • d s CHI • d s F 3 HO 3 
aotefSr^to/Mty — p S PB 2 2 0 6&«^Lf=L 0 
(32-2) S12A2+F d s F 3 H 

20 . Ma c/n^-^-ima s^-^>-^-(Ctt^tlfcS 1 2A2lfif *t 
y h#) 3 . 7kbS;pSPB 2 2 06HAscI T?W <9 tfcj U HJftftl 2 3 "CfNK 
LfcpSPB2218©AscI 8M£fc&A U S12A2HsF3H©2 JUS 
^P*|n]{iioyS:/Mty-^^^-^it7t (pSPB2227) 0 

25 Uli 3 3 S 1 2 A 2 COfit^Jt'CD^^ 

H»!j 2 1 T-fEM lfcpSPB 1 4 7 8 7 KHEj£ Lfc «fc 5 IC, T 
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fc. P SPB 2 2 0 6t)PLttlCiraLf: o 

7*7 !)-&ffimistc 0 nhtltc^^Zf^V—m. 75x10^7^.7^- 
'^'^F (p f u) J&»P>fcoT^fc 0 

Hf£#!J 3 5 */U3 ^$t<i£ Wfjf Y C y 3 - 1 2 

Tl 7 0^D^tUT, ^7^I#7^77y-24, 0007"7^ 

<t«5^^ ■y-=v^Srfroyt 0 ^y-=^^a:i 7 ^^5 KpYCy 3- l 2 

3r#fc 0 pYCy3-12l:tmcDNAIt 4 8 27^^^^^! 
5 4. 3kDa©^y^^3-Kf5 1 4 4 6 b p^itfe^YCy 3 - 1 2 £r 

^•/ux-^yco YCy 3-1 2*5=1- K-rsT 5 y^aa^ij^, i-x-izm&<Dhzmm 

%:GTt2 8%, /^tft*5GTi 2 4 %<£>|ff|— ^^r^ Ufc„ £fcT 1 7 0 <b 
{24 6%, T128itt28%, CGT93i:tt46l S6B1UI±28%, 
S12A2£te2 7%<Z^-te&*Lfc„ PYCy 3 - 1 2f|^^n5i€fSr 

5 % 5 6 ^^tL^tL^-To 

3 6 *fl§® fett 5YCy3-12 it^<£>383l <t 

YCy 3-1 2mte*(Dxmmx°<Dmmte,mMM4{cmm£titcftmtm£T 

he QIA expressionist (QIAGEN) ^V^trofc 0 

s-fYCy 3-1 2 ±.(om^mmmm^(Dm^ k^s'iunc o mmm 

W&mA-rZtctb^ OTl:W7^v-YCy3-12Pl (IB?U#-f§- 5 3 ) 
<t YCy 3-1 2P2 (iE*W§- 5 4 ) *f% V^Hl^j 4 * P C RRjtS^ff 

ofc 0 
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YCy3-12Pl) 5' -ccccatggagagggcagagctagccttca-3' (IE?U#-^- 5 3) 
YCy3-12P2) 5' -aaagcttcacgaagagcgattgagtacttc-3' (IB?lJ#f5 4) 

#W:PCR»pCR-Bl unt I I-TOPO vector (I 
NVITROGEN) icMm^mm-f tt&rQ-*-? 9 p Ufc c w<D«t9 
5 fcLX&btilzT'? * ^ KpTOPO-YCy3-l 2i PCRS^tJ;S 
asfc^r. ir^SiE^JSr^-TS r irtdj; tUftf&brt:. pTOPO-YCy 
3 - 1 2 SrN c o I , H i n d I I I t?ft!lPS»Kl*aa UI^M 1 . 8 K b ©7 
7 i^V > h £ pQE-61 . vec t o rONc o I,H i nd I I I 
££U 7°7^5 KpQE-YCy3-l 2 &#fc 0 pQE-YCy 3-1 2^Co 
10 mpetent high JM109 tdJfcSMElk Ufc 0 

yc y 3 - 1 2 m&<Dmmm$mfcte*&ftm.£&ttMm<Dtemm&Ri&£ 

15 -fr^i:^^), THC 3#) ta&n*., 19. 8 9#Kl}S.ttl3*l,5]&r 

fcft^K#M£W£;Jxfc 0 ^tlteTHC(D2' tiLmm{£<Di%Wmfflb-$t\^^ pQE 

fetO-CliiUliil^ofcrtA^YCy 3-1 2^*5fei-5^Wm{-cfc 
oT£Cfcjg&£%;t<bjh,<5o a_b0^m^b, YC y 3 - 1 2 l±l$fc<W&fi|fc^@$iff 
20 (iTHC© 2 ' t07Kmi^/W3-^^»t5Stt^t5 I t 

ttifi, mm, y n $*-Migfc£ 

25 Oj^HKilffl £*L<5o 
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@e?lj#-*r 3 ; Ipomoea purpurea 3GGT PN3GGTF 
ME?"J#-5§-4 ; Ipomoea purpurea 3GGT PN3GGTR 
SB£lJ#-*§-5 ; Gentiana scabra 3GT GT3GTF 
Ifl£lJ#-S§-6 ; Gentiana scabra 3GT GT3GTR 
5 ia?IJ#-5r 7 ; Verbena hybrida 5GT H5GTF 
ia^iJ#-^-8 ; Verbena hybrida 5GT H5GTR 
Sfi£lJ#-^9 ; Scutellaria baicalensis GT SBGTF 
Sfi?lJ#-*§-l 0 Scutellaria baicalensis GT SBGTR 

Sa^J#-^- 1 1 ; T170-Ncol PCR primer 
10 fE?lJ#-S§- 1 2 ; M13M4 PCR primer 

An amino acid sequence of a protein having an activity to t 
ransfer glucose to sugar at position 3 of fla.vonoids 







WW 2 


2 


; T170F PCR primer 


15 


mm 




3 


; T170R PCR primer 








4 


; CHIF1 PCR primer 




sa^ui 


l#2 


5 


; CHIR1 PCR primer 




mzm-%-2 


6 


; T128-NcoI PCR primer 




mm 




7 


; A93-75 BspHI PCR primer 


20 




f=#2 


8 


; A93-75-BglII PCR primer 




mm 


^2 


9 


; S6B11-RT-F PCR primer 




mm 




0 


; S6B11-RT-R PCR primer 




mm 


N§-3 


1 


; S12A2-NcoI PCR primer 




sa^iji 


§H§-3 


2 


; S12A2-S1 PCR primer 


25 


mm 


t*3 


3 


; S12A2-S2 PCR primer 




aa^ij##3 


4 


; S12A2-A1 PCR primer 






1=^-3 


5 


; S12A2-A2 PCR primer 
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BH?iJ#-^ 3 


6 


; pQE61-f primer 






gE?iJ## 3 


7 


; pQE61-r primer 






BEyiJS-S-3 


8 


; T128-F PCR Primer 






3 


9 


; T128-R PCR Primer 




5 




0 


; PhF3H-ClaI PCR Primer 






ISJU##4 


1 


; ThF3H-SalIl PCR Primer 






IE?"J#-§-4 


2 


; ThF3H-SalI2 PCR Primer 






BB3?|J#.#4 


3 


■; TpCHI-Sall PCR Primer 






IE?iJ#-*§-4 


4 


; TpCHI-Xball PCR Primer 




10 




5 


; TpCHI-XbaI2 PCR Primer 






lB^IJ#-^4 


6 


. ^ — {cJfA^tt'SPacI-FselF 










PacI-FselF adapter inserted in 


a vector 






7 


. ^ ^_ A^tb-SPacI-FselRT^'^- 








PacI-FselR adapter inserted in 


a vector 


15 


se^j##4 


8 


; M13RV PCR Primer 






IE?iJ#-S§-4 


9 


; BamHI-CHI-F PCR Primer 








0 


; Sal-CHI-R PCR Primer 








1. 


; Sal-CHI-F PCR Primer 






@s?y#-*§- 5 


2 


; EcoRI-CHI-R PCR Primer 




20 


SE?iJ#-§- 5 


3 


; YCy3-12Pl PCR Primer 






fc}l_> s 'J T±T *V v 


4 


; YCy3-12P2 PCR Primer 






BB?U## 5 


7 


; EcoFsel Primer 






5 


8 


; EcoFseR Primer 






ia?u#-*§- 5 


9 


; HinFseR Primer 




25 


iE?iJ#-*§- 6 


0 


; HinFse3 Primer 





'A 
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ft * <d m. ® 

2 . sa 1 ^iB*-T5 4tt*E^j t tf*tw**t[Sia^j^e> j&s d n 

3. E*l#* 1 5 (C|E*fe<DT 5 / ifcBB?iK X £ f£ T S J ^BB^U f-*f 

15 ^tts^y/^f Ki-sae^f-. 

4 . ga?ij#-*§- i 4 tciam-r <5*£sbb?ij t #iffi&)tetM.mmmfa z> & z> d 

20 

Lti«L< te1t$:{@<DT g&.&tf/'^ b < titttiazti 

25 

NAtxhVV^^Y te&WTV^J yu^Xl, ^o^^nyi© 
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2' {4i;i^^t5ffitt^tt5^y/^f^^ 



PCT/JP2003/0 10500 



LtltU i*m$km<DT S^tf/^ L< fiM^D^tt 

8. ia?u#-$§-i 8 ^mm^zm.mm&itmffi&)tem.mm?w* b^z d 
9 . sa?ij# 2 i ie*fe <£> 7?y mb?'J , x &m & r ^ y mm?uz M 

1 0. E?iJ'## 2 O <5itt*E^Ji:tttottfctt*fim>fcfca 
D N a £ x hy^xy h/i^TtvN^yy^^Xt, ^o^/i^yi 

20 

11. K?iJ#-*5 6 l£fE<ft<Z>7 5 y BfeE?iK Xtt^R7$y»iE^l: 

25 

i 2. ia?ij#-*§- 5 5 idfEig-r -s^sib^j t mffi&)ti:m.m&?nfrb # z 
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i3. ft^ofsiami m^bm i 2 ^sm^tt**— ^^gsttojse^ 

5 

15. m&<Dffimm 1 4mfc^m<Dm3zM%&*mmxte£.ii ts^t. m 

15 17. if #£>i6H!& 1 1 2 rS(7)V^1 a n^-^^|E«c<7)a{KT• 



1 8. it^ogSffifgl 73S^|B«o«[4fcfr**5>««i*tLfc9I 

20 

1 9 . m*<Dmmm 1 *j&>e># 1 2^<o^-rin^—^Kte,itt<Dmm^ 

25 2 0. gfe*$nfc^fe3iS|lfe"e*>6ii:«r»*i:-r<5»*0«SH»l 
8 JSfcHE*<0«4fefls o 
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H2® 



MG3GGT * MGSQATTY 

GGT7 1 M s p v s 

HGT8 1 m s R A 

SbUFGT ' M G Q L 



MG3GGT 


51 


E 


S 


F 


N 


L 


JL 


P H 


I 


1 S 


F 


V 


-E_ 






V 


GGT7 


48 


T 




F 


S 


P 


T 


N L 


I 


S 1 


G 


S 


N 


i 


K 


P 


HGT8 


4$ 


R 


M 


S 


R 


T 


A 


A G 


S 


N G 


L 


I 


N 






F 


SbUFGT 


47 


R 


K 


A 


R 


E 


_s 


G H 


D 


I G 


L 


T 


r_ 


T 


K 


F 



MG3GGT 100 n d 

GGT7 « k a 

HGT8 93 D T 

SbUFGT 97 e p 



MG3GGT 
GGT7 
HGT8 
SbUFGT 



MG3GGT 


193 


K F 


G G f 


GGT7 


195 


Q S 


I Fj 


HGT8 


186 


E R 


F ti 


SbUFGT 


190 
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SEQUENCE LISTING 

<110> Suntory Limited 

Bio-oriented Technology Research Advanced Institution 

<120> New glucosyltransferase gene 

<130> PSUA-15527 

<150> JP2002-239743 
<151> 2002-08-20 

<150> JP2003-085452 
<151> 2003-03-26 

<160> 56 

<170> Patentln Ver. 3. 1 

<210> 1 
<211> 1751 
<212> DNA 

<213> Dianthus caryophyllus cv. light cream candle 
<220> 

<223> Inventor: NAKAMURA, Noriko 
Inventor: FUKUI, Yuko 
Inventor: 0N0, Eiichiro 
Inventor: TANAKA, Yoshikazu 
Inventor: 0KUHARA, Hiroaki 

<220> 

<221> CDS 

<222> (43). . (1509) 

<223> cDNA 

<400> 1 

ctcgtctaat aaactcgaaa agtttattaa gcgagttcaa ac atg age aaa gca 54 

Met Ser Lys Ala 
1 
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ccg ttc gag ttg gta ttc ate cca act ccg get gta ggt cac att ata 102 
Pro Phe Glu Leu Val Phe He Pro Thr Pro Ala Val Gly His lie He 
5 10 15 20 

teg ace gtt caa etc get aaa tta att ctt aat aaa aac gat tta ate 150 
Ser Thr Val Gin Leu Ala Lys Leu He Leu Asn Lys Asn Asp Leu He 
25 30 35 

ttt gtt tct att tac gtc ate aac ttt tct atg cac tct tct aaa gtc 198 
Phe Val Ser He Tyr Val He Asn Phe Ser Met His Ser Ser Lys Val 
40 45 50 

aac gec tac att gac tec cag tea cgt gat aac ccg tac ccg ace cgt 246 
Asn Ala Tyr He Asp Ser Gin Ser Arg Asp Asn Pro Tyr Pro Thr Arg 
55 60 65 

ctg act ttc gta tec ctt ccg etc ctg cca gac atg ttc gac ccg ttt 294 
Leu Thr Phe Val Ser Leu Pro Leu Leu Pro Asp Met Phe Asp Pro Phe 
70 75 80 

tct ccc act caa ttt act get gee ate gac etc cac aag ccg ttc gtt 342 
Ser Pro Thr Gin Phe Thr Ala Ala He Asp Leu His Lys Pro Phe Val 
85 90 95 100 

aag cag gcg gtt gag gac cga gtt egg gac ggg ctt ccc aag ccc gtc 390 
Lys Gin Ala Val Glu Asp Arg Val Arg Asp Gly Leu Pro Lys Pro Val 
105 110 115 

ggg ttc gtc etc gac atg ttt tgc acc tea atg gcg gat att gec aac 438 
Gly Phe Val Leu Asp Met Phe Cys Thr Ser Met Ala Asp He Ala Asn 
120 125 130 

gag ttg agt gta ccg teg tac gtt tac ttt act teg ggt gca aat ctt 486 
Glu Leu Ser Val Pro Ser Tyr Val Tyr Phe Thr Ser Gly Ala Asn Leu 
135 140 145 



ctg aat ttc aca 
Leu Asn Phe Thr 
150 



ttc ttt get cag teg ttc gca gac gat cat caa gaa 
Phe Phe Aia Gin Ser Phe Ala Asp Asp His Gin Glu 
155 160 



534 
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ate gat cct gcg gtt gag ttt agt agg ccg gaa ttt tea gcg gtt gtg 582 
He Asp Pro Ala Val Glu Phe Ser Arg Pro Glu Phe Ser Ala Val Val 
165 170 175 180 

ccc ggg ttt aag aac ccg gtc aca age gee get att cct gcg gtg ttt 630 
Pro Gly Phe Lys Asn Pro Val Thr Ser Ala Ala He Pro Ala Val Phe 
185 190 195 

caa gag aaa aac ggg tgc gag ttg etc etc ggc ttt gcg agg aag ttt 678 
Gin Glu Lys Asn Gly Cys Glu Leu Leu Leu Gly Phe Ala Arg Lys Phe 
200 205 210 

aga gaa atg aaa ggt att ttg atg aat acc tat gtg gaa tta gaa aac 726 
Arg Glu Met Lys Gly lie Leu Met Asn Thr Tyr Val Glu Leu Glu Asn 
215 220 225 

ttc ggt ata cat gcg tta atg aat ggt gat ggt aag aaa att ccg cct 774 
Phe Gly He His Ala Leu Met Asn Gly Asp Gly Lys Lys He Pro Pro 
230 235 240 

att tat ccc gtg ggc ccc att ttg gag etc ggc aac acg agt act ggt 822 
He Tyr Pro Val Gly Pro He Leu Glu Leu Gly Asn Thr Ser Thr Gly 
245 250 255 260 

ggg tct gac aat agt aag gac gtg tec gta att cag tgg ctt gat ggt 870 
Gly Ser Asp Asn Ser Lys Asp Val Ser Val lie Gin Trp Leu Asp Gly 
265 270 275 

caa ccg aag tea tea gtg gtg ttt ctg tgt ttt gga agt atg gga agt 918 
Gin Pro Lys Ser Ser Val Val Phe Leu Cys Phe Gly Ser Met Gly Ser 
280 285 290 

ttt gat gaa gaa caa att aaa gag ata gcg ate ggt eta gaa egg teg 966 
Phe Asp Glu Glu Gin He Lys Glu He Ala He Gly Leu Glu Arg Ser 
295 300 305 

gga caa egg tat tta tgg gec tta egg aaa ccg cct tct tea gga aag 1014 
Gly Gin Arg Tyr Leu Trp Ala Leu Arg Lys Pro Pro Ser Ser Gly Lys 
310 315 320 
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gta ggg gtc cct agt gag agt gag gcg ttc tta gag gcc ctt cct gag 1062 

Val Gly Val Pro Ser Glu Ser Glu Ala Phe Leu Glu Ala Leu Pro Glu 

325 330 335 340 

ggg ttc att gat cgt acg ate agt ggt aag ggg aaa ate ata gcg tgg 1110 
Gly Phe He Asp Arg Thr He Ser Gly Lys Gly Lys He He Ala Trp 
345 350 355 

gcc ccg cag gtt gag gta tta gcc cac cct gcc gta gga ggg ttc gtg 1158 
Ala Pro Gin Val Glu Val Leu Ala His Pro Ala Val Gly Gly Phe Val 
360 365 370 

tta cac tgt ggg tgg aac teg acg ttg gag age ata tgg ttt ggg gtt 1206 
Leu His Cys Gly Trp Asn Ser Thr Leu Glu Ser He Trp Phe Gly Val 
375 380 385 

ccc atg gca act tgg cct att tat gcg gaa cag cag ctg aac gcg ttt 1254 
Pro Met Ala Thr Trp Pro He Tyr Ala Glu Gin Gin Leu Asn Ala Phe 
390 395 400 

gag tta gta aag gag ttg gaa ttg gca att gaa ata agg atg gat tac 1302 
Glu Leu Val Lys Glu Leu Glu Leu Ala He Glu He Arg Met Asp Tyr 
405 410 415 420 

aaa acg gat ata gaa act caa aag gcg ggc ttc atg gta aag gcc gag 1350 
Lys Thr Asp He Glu Thr Gin Lys Ala Gly Phe Met Val Lys Ala Glu 
425 430 435 

gag ata gaa gaa gga att agg gca tta atg aat gtg gat gag acg atg 1398 
Glu He Glu Glu Gly lie Arg Ala Leu Met Asn Val Asp Glu Thr Met 
440 445 450 

cgt gaa cga gtc aag acg atg agt gac tat ggc aaa aag get ttg gaa 1446 
Arg Glu Arg Val Lys Thr Met Ser Asp Tyr Gly Lys Lys Ala Leu Glu 
455 460 465 

cga gga gga teg tec tat aat tat ttg gaa ttc ttc att ggg gat gtt 1494 
Arg Gly Gly Ser Ser Tyr Asn Tyr Leu Glu Phe Phe He Gly Asp Val 
470 475 480 
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ttg age aat att agt taaattaaat tccaagagag tggatgaaaa tttaaaaaaa 1549 

Leu Ser Asn lie Ser 

485 

aaatgataag ttattgetet ctgeaatcat gtacggagta atttttaaca tttactattg 1609 
aatcggtttt ttttaattaa agcatagtgt taaatttact taggtacctc tatattgtaa 1669 
atgaagaagt tgatgacgat ttgatgtcag atataaaata aatgaatgga gtaaaaaaaa 1729 
aaaaaaaaaa aaaaaaaaaa aa 1751 



<210> 2 
<211> 489 
<212> PRT 

<213> Dianthus caryophyllus cv. light cream candle 
<400> 2 

Met Ser Lys Ala Pro Phe Glu Leu Val Phe lie Pro Thr Pro Ala Val 
1 5 10 15 

Gly His lie He Ser Thr Val Gin Leu Ala Lys Leu He Leu Asn Lys 
20 25 30 

Asn Asp Leu He Phe Val Ser He Tyr Val He Asn Phe Ser Met His 
35 40 45 

Ser Ser Lys Val Asn Ala Tyr He Asp Ser Gin Ser Arg Asp Asn Pro 
50 55 60 

Tyr Pro Thr Arg Leu Thr Phe Val Ser Leu Pro Leu Leu Pro Asp Met 
65 70 75 80 

Phe Asp Pro Phe Ser Pro Thr Gin Phe Thr Ala Ala He Asp Leu His 
85 90 95 

Lys Pro Phe Val Lys Gin Ala Val Glu Asp Arg Val Arg Asp Gly Leu 
100 105 110 
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Pro Lys Fro Val Gly Phe Val Leu Asp Met Phe Cys Thr Ser Met Ala 
115 120 125 

Asp lie Ala Asn Glu Leu Ser Val Pro Ser Tyr Val Tyr Phe Thr Ser 
130 135 140 

Gly Ala Asn Leu Leu Asn Phe Thr Phe Phe Ala Gin Ser Phe Ala Asp 
145 150 155 160 

Asp His Gin Glu He Asp Pro Ala Val Glu Phe Ser Arg Pro Glu Phe 
165 170 175 

Ser Ala Val Val Pro Gly Phe Lys Asn Pro Val Thr Ser Ala Ala He 
180 185 190 

Pro Ala Val Phe Gin Glu Lys Asn Gly Cys Glu Leu Leu Leu Gly Phe 
195 200 205 

Ala Arg Lys Phe Arg Glu Met Lys Gly He Leu Met Asn Thr Tyr Val 
210 215 220 

Glu Leu Glu Asn Phe Gly lie His Ala Leu Met Asn Gly Asp Gly Lys 
225 230 235 240 

Lys He Pro Pro He Tyr Pro Val Gly Pro He Leu Glu Leu Gly Asn 
245 250 255 

Thr Ser Thr Gly Gly Ser Asp Asn Ser Lys Asp Val Ser Val He Gin 
260 265 270 

Trp Leu Asp Gly Gin Pro Lys Ser Ser Val Val Phe Leu Cys Phe Gly 
275 280 285 



Ser Met Gly Ser Phe Asp Glu Glu Gin He Lys Glu He Ala He Gly 
290 295 300 



Leu Glu Arg Ser Gly Gin Arg Tyr Leu Trp Ala Leu Arg Lys Pro Pro 
305 310 315 320 
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Ser Ser Gly Lys Val Gly Val Pro Ser Glu Ser Glu Ala Phe Leu Glu 
325 330 335 

Ala Leu Pro Glu Gly Phe lie Asp Arg Thr He Ser Gly Lys Gly Lys 
340 345 350 

lie He Ala Trp Ala Pro Gin Val Glu Val Leu Ala His Pro Ala Val 
355 360 365 

Gly Gly Phe Val Leu His Cys Gly Trp Asn Ser Thr Leu Glu Ser He 
370 375 380 

Trp Phe Gly Val Pro Met Ala Thr Trp Pro lie Tyr Ala Glu Gin Gin 
385 390 395 400 

Leu Asn Ala Phe Glu Leu Val Lys Glu Leu Glu Leu Ala He Glu He 
405 410 415 

Arg Met Asp Tyr Lys Thr Asp He Glu Thr Gin Lys Ala Gly Phe Met 
420 425 430 

Val Lys Ala Glu Glu He Glu Glu Gly He Arg Ala Leu Met Asn Val 
435 440 445 

Asp Glu Thr Met Arg Glu Arg Val Lys Thr Met Ser Asp Tyr Gly Lys 
450 455 460 

Lys Ala Leu Glu Arg Gly Gly Ser Ser Tyr Asn Tyr Leu Glu Phe Phe 
465 470 475 480 

He Gly Asp Val Leu Ser Asn He Ser 
485 



<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Iporaoea 
purpurea 3GGT PN3GGTF 

<400> 3 

gaaatggtcg gattggctgg g 

<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Ipomoea 
purpurea 3GGT PN3GGTR 

<400> 4 

acctccaccc caactttcag g 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Gent i ana scabra 
3GT GT3GTF 

<400> 5 

tgcctcaaat ggcttcaaac t 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Gentiana scabra 
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3GT GT3GTR 



<400> 6 



ccacctttca ccccaacccc 



20 



<210> 7 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Verbena hybrida 
5GT H5GTF 



<210> 8 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Verbena hybrida 
5GT H5GTR 



<400> 



7 



tgcctcgaat ggttgagcac g 



<400> 



ctctcactct cacacccg 



18 



<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence Scutellaria 
baicalensis GT SBGTF 
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<400> 9 



cacgaatgct tagcatggct c 



21 



<210> 10 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Scutellaria 
baicalensis GT SBGTR 

<400> 10 

cttattgccc actgaaaccc c 21 

<210> 11 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :T170-NcoI PCR 



primer 



<400> 



11 



agttcaacca tgggcaaagc ac 



22 



<210> 12 
<211> 17 
<212> DNA 



<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence =M13M4 PCR 
primer 
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<400> 12 

gttttcccag tcacgac 17 



<210> 13 
<211> 459 
<212> PRT 

<213> Iporaoea purpurea 

<220> 

<223> An amino acid sequence of a protein having an activity to transfer 
glucose to sugar at position 3 of flavonoids 

<400> 13 

Met Gly Ser Gin Ala Thr Thr Tyr His Met Ala Met Tyr Pro Trp Phe 
15 10 15 

Gly Val Gly His Leu Thr Gly Phe Phe Arg Leu Ala Asn Lys Leu Ala 
20 25 30 

Gly Lys Gly His Arg He Ser Phe Leu He Pro Lys Asn Thr Gin Ser 
35 40 45 

Lys Leu Glu Ser Phe Asn Leu His Pro His Leu He Ser Phe Val Pro 
50 55 60 

He Val Val Pro Ser He Pro Gly Leu Pro Pro Gly Ala Glu Thr Thr 
65 70 75 80 

Ser Asp Val Pro Phe Pro Ser Thr His Leu Leu Met Glu Ala Met Asp 
85 90 95 

Lys Thr Gin Asn Asp lie Glu He He Leu Lys Asp Leu Lys Val Asp 
100 105 110 

Val Val Phe Tyr Asp Phe Thr His Trp Leu Pro Ser Leu Ala Arg Lys 
115 120 125 



He Gly He Lys Ser Val Phe Tyr Ser Thr He Ser Pro Leu Met His 
130 135 140 
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Gly Tyr Ala Leu Ser Pro Glu Arg Arg Val Val Gly Lys Gin Leu Thr 
145 150 155 160 

Glu Ala Asp Met Met Lys Ala Pro Ala Ser Phe Pro Asp Pro Ser lie 
165 170 175 

Lys Leu His Ala His Glu Ala Arg Gly Phe Thr Ala Arg Thr Val Met 
180 185 190. 

Lys Phe Gly Gly Asp lie Thr Phe Phe Asp Arg He Phe Thr Ala Val 
195 200 205 

Ser Glu Ser Asp Gly Leu Ala Tyr Ser Thr Cys Arg Glu He Glu Gly 
210 215 220 

Gin Phe Cys Asp Tyr lie Glu Thr Gin Phe Gin Lys Pro Val Leu Leu 
225 230 235 240 

Ala Gly Pro Ala Leu Pro Val Pro Ser Lys Ser Thr Met Glu Gin Lys 
245 250 255 

Trp Ser Asp Trp Leu Gly Lys Phe Lys Glu Gly Ser Val He Tyr Cys 
260 265 270 

Ala Phe Gly Ser Glu Cys Thr Leu Arg Lys Asp Lys Phe Gin Glu Leu 
275 280 285 

Leu Trp Gly Leu Glu Leu Thr Gly Met Pro Phe Phe Ala Ala Leu Lys 
290 295 300 

Pro Pro Phe Glu Thr Glu Ser Val Glu Ala Ala He Pro Glu Glu Leu 
305 310 315 320 

Lys Glu Lys He Gin Gly Arg Gly He Val His Gly Glu Trp Val Gin 
325 330 335 

Gin Gin Leu Phe Leu Gin His Pro Ser Val Gly Cys Phe Val Ser His 
340 345 350 
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Cys Gly Trp Ala Ser Leu Ser Glu Ala Leu Val Asn Asp Cys Gin He 
355 360 365 

Val Leu Leu Pro Gin Val Gly Asp Gin He lie Asn Ala Arg lie Met 
370 375 380 

Ser Val Ser Leu Lys Val Gly Val Glu Val Glu Lys Gly Glu Glu Asp 
385 390 395 400 

Gly Val Phe Ser Arg Glu Ser Val Cys Lys Ala Val Lys Ala Val Met 
405 410 415 

Asp Glu Lys Ser Glu He Gly Arg Glu Val Arg Gly Asn His Asp Lys 
420 425 430 

Leu Arg Gly Phe Leu Met Asn Ala Asp Leu Asp Ser Lys Tyr Met Asp 
435 440 445 

Ser Phe Asn Gin Lys Leu Gin Asp Leu Leu Gly 
450 455 



<210> 14 

<211> 1642 

<212> DNA 

<213> Dianthus caryophyllus cv. light cream candle 
<220> 

<221> CDS 

<222> (45).. (1511) 

<223> cCNA 



<400> 14 

cttaaactca tcaatcaata agtaccaaaa gaacaatttc agat atg ggc act gaa 56 

Met Gly Thr Glu 
1 

cct caa aga eta cat gtt gtg ttc ttc ccg ctt atg gec gcg ggt cac 104 
Pro Gin Arg Leu His Val Val Phe Phe Pro Leu Met Ala Ala Gly His 
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200 
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5 10 15 20 

atg ate ccg act tta gac att gca aag eta ttc gcg gca cac cac gtc 
Met lie Pro Thr Leu Asp He Ala Lys Leu Phe Ala Ala His His Val 
25 30 35 

aaa acc acc ate gtt ace acc cct tta aac gca ccg act ttt etc aag 
Lys Thr Thr He Val Thr Thr Pro Leu Asn Ala Pro Thr Phe Leu Lys 
40 45 50 

cca tta cag tec tac aca aac ate ggc cct cca ate gat gtc caa gtc 248 
Pro Leu Gin Ser Tyr Thr Asn He Gly Pro Pro He Asp Val Gin Val 
55 60 65 

att ccg ttc cct get aag gag get ggt etc cct gag gga gtc gag aac 296 
He Pro Phe Pro Ala Lys Glu Ala Gly Leu Pro Glu Gly Val Glu Asn 
70 75 80 

ttc gag cat ttc aca tea gat gag atg teg ttg aag ttt ctg aaa gca 344 
Phe Glu His Phe Thr Ser Asp Glu Met Ser Leu Lys Phe Leu Lys Ala 
85 90 95 100 

gec gag tta eta gaa gaa cct ctt ata caa gta ctt gag agg tgt aac 392 
Ala Glu Leu Leu Glu Glu Pro Leu He Gin Val Leu Glu Arg Cys Asn 
105 HO 115 

cct aag get gac tgc tta gtt get gat atg ctg ctt ccg ttt gcg aca 440 
Pro Lys Ala Asp Cys Leu Val Ala Asp Met Leu Leu Pro Phe Ala Thr 
120 125 130 

gaa gtc gcg get aag ttt gat att ccg agg ctg gtt ttc cat ggc agt 488 
Glu Val Ala Ala Lys Phe Asp He Pro Arg Leu Val Phe His Gly Ser 
135 140 145 

tgc tgt ttt gcg ctt agt gtc atg gac get ttc ate aaa tat cag cct 536 
Cys Cys Phe Ala Leu Ser Val Met Asp Ala Phe He Lys Tyr Gin Pro 
150 155 160 



cat aaa gat gtt teg aac gat gat gaa gaa ttc gtc ate cct cat ctt 
His Lys Asp Val Ser Asn Asp Asp Glu Glu Phe Val He Pro His Leu 



584 
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165 170 175 180 

ccc cac gag ate aag att acg aga atg caa ttg aat gag ggg gtt aaa 632 
Pro His Glu He Lys He Thr Arg Met Gin Leu Asn Glu Gly Val Lys 
185 190 195 

cag aac aaa caa gac act atg tgg atg gac gtg tta ggc agg gca etc 680 
Gin Asn Lys Gin Asp Thr Met Trp Met Asp Val Leu Gly Arg Ala Leu 
200 205 210 

gag tct gaa att aag agt tat ggt gta att gtt aac age ttt tac gag 728 
Glu Ser Glu lie Lys Ser Tyr Gly Val He Val Asn Ser Phe Tyr Glu 
215 220 225 

tta gaa ccc gag tat get gat ttc tac agg aaa gta atg ggt egg aaa 776 
Leu Glu Pro Glu Tyr Ala Asp Phe Tyr Arg Lys Val Met Gly Arg Lys 
230 235 240 

acg tgg caa ate ggt cct gtt tec ttg tgt aat cga gaa aac gaa get 824 
Thr Trp Gin He Gly Pro Val Ser Leu Cys Asn Arg Glu Asn Glu Ala 
245 250 255 260 

aag ttt caa aga ggt aaa gac tct tec att gat gag aac gcg tgc tta 872 
Lys Phe Gin Arg Gly Lys Asp Ser Ser He Asp Glu Asn Ala Cys Leu 
265 270 275 

aaa tgg etc gac tct aag aag ccg aac tea gtc att tac gta tgc ttt 920 
Lys Trp Leu Asp Ser Lys Lys Pro Asn Ser Val He Tyr Val Cys Phe 
280 285 290 

ggt age tta acc gaa gtc tea ctg tta caa ctt cac gag ate gca aaa 968 
Gly Ser Leu Thr Glu Val Ser Leu Leu Gin Leu His Glu He Ala Lys 
295 300 305 

ggg tta gaa gcg tct gag caa aat ttc gta tgg gtg att agg aga agt 1016 
Gly Leu Glu Ala Ser Glu Gin Asn Phe Val Trp Val He Arg Arg Ser 
310 315 320 

aac acg aac ggt gaa gaa aca gaa gat ate ttc cca aaa ggg ttt gaa 1064 
Asn Thr Asn Gly Glu Glu Thr Glu Asp He Phe Pro Lys Gly Phe Glu 
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325 330 335 340 

gag cgt acg aaa ggt aag gga eta att ata agg ggt tgg gec cca caa 1112 
Glu Arg Thr Lys Gly Lys Gly Leu He He Arg Gly Trp Ala Pro Gin 
345 350 355 



gta eta att tta gac cac gag gec gta gga gga ttc gtg aca cac tgt 
Val Leu He Leu Asp His Glu Ala Val Gly Gly Phe Val Thr His Cys 
360 365 370 

gga tgg aac tea act ctg gag ggt ate teg tgt ggg gta cct atg gtc 
Gly Trp Asn Ser Thr Leu Glu Gly He Ser Cys Gly Val Pro Met Val 
375 380 385 

act tgg ccc gca ttt get gag caa ttt tac ate gaa aaa ttg gtg ace 
Thr Trp Pro Ala Phe Ala Glu Gin Phe Tyr He Glu Lys Leu Val Thr 
390 395 400 

gag att ttg aag acg ggc att cct gtt ggg teg aaa cat tgg aat aga 
Glu He Leu Lys Thr Gly He Pro Val Gly Ser Lys His Trp Asn Arg 
405 410 415 420 

acg ate gag tgt aac gta aaa tgg gaa gat ata aag gaa gtt gta aga 
Thr He Glu Cys Asn Val Lys Trp Glu Asp He Lys Glu Val Val Arg 
425 430 435 

aga tta atg gtt gaa gaa gag ggt atg gag ata aga agt agg gca ttg 
Arg Leu Met Val Glu Glu Glu Gly Met Glu He Arg Ser Arg Ala Leu 
440 445 450 

aag tta aag aat atg gca aga aag get att gat gaa ggt ggt tea tct 
Lys Leu Lys Asn Met Ala Arg Lys Ala He Asp Glu Gly Gly Ser Ser 
455 460 465 

tat gtt gaa ttg act tct ttg ate caa gaa tta age aat tgt aag ctt 
Tyr Val Glu Leu Thr Ser Leu He Gin Glu Leu Ser Asn Cys Lys Leu 
470 475 480 



1160 



1208 



1256 



1304 



1352 



1400 



1448 



1496 



aat agt aat ggt ttt tagtcttctt tccatgaatt gaatgagctt tctatgtctt 
Asn Ser Asn Gly Phe 
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485 

tattttttca tcatttacct ttattttatc agatttgtca caagaaattc aagttatttg 1611 
gtgtcattat ttcagggcta attttatgaa a 1642 



<210> 15 
<211> 489 
<212> PRT 

<213> Dianthus caryophyllus cv. light cream candle 
<400> 15 

Met Gly Thr Glu Pro Gin Arg Leu His Val Val Phe Phe Pro Leu Met 
15 10 15 



Ala Ala Gly His Met He Pro Thr Leu Asp He Ala Lys Leu Phe Ala 
20 25 30 



Ala His His Val Lys Thr Thr He Val Thr Thr Pro Leu Asn Ala Pro 
35 40 45 



Thr Phe Leu Lys Pro Leu Gin Ser Tyr Thr Asn He Gly Pro Pro He 
50 55 60 



Asp Val Gin Val He Pro Phe Pro Ala Lys Glu Ala Gly Leu Pro Glu 
65 70 75 80 



Gly Val Glu Asn Phe Glu His Phe Thr Ser Asp Glu Met Ser Leu Lys 
85 90 95 



Phe Leu Lys Ala Ala Glu Leu Leu Glu Glu Pro Leu He Gin Val Leu 
100 105 110 
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Glu Arg Cys Asn Pro Lys Ala Asp Cys Leu Val Ala Asp Met Leu Leu 
115 120 125 



Pro Phe Ala Thr Glu Val Ala Ala Lys Phe Asp He Pro Arg Leu Val 
130 135 140 



Phe His Gly Ser Cys Cys Phe Ala Leu Ser Val Met Asp Ala Phe He 
145 150 155 160 



Lys Tyr Gin Pro His Lys Asp Val Ser Asn Asp Asp Glu Glu Phe Val 
165 170 175 



He Pro His Leu Pro His Glu He Lys He Thr Arg Met Gin Leu Asn 
180 185 190 



Glu Gly Val Lys Gin Asn Lys Gin Asp Thr Met Trp Met Asp Val Leu 
195 200 205 



Gly Arg Ala Leu Glu Ser Glu He Lys Ser Tyr Gly Val He Val Asn 
210 215 220 



Ser Phe Tyr Glu Leu Glu Pro Glu Tyr Ala Asp Phe Tyr Arg Lys Val 
225 230 235 240 



Met Gly Arg Lys Thr Trp Gin He Gly Pro Val Ser Leu Cys Asn Arg 
245 250 255 



Glu Asn Glu Ala Lys Phe Gin Arg Gly Lys Asp Ser Ser He Asp Glu 
260 265 270 
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Asn Ala Cys Leu Lys Trp Leu Asp Ser Lys Lys Pro Asn Ser Val He 
275 280 285 



Tyr Val Cys Phe Gly Ser Leu Thr Glu Val Ser Leu Leu Gin Leu His 
290 295 300 



Glu lie Ala Lys Gly Leu Glu Ala Ser Glu Gin Asn Phe Val Trp Val 
305 310 315 320 



He Arg Arg Ser Asn Thr Asn Gly Glu Glu Thr Glu Asp He Phe Pro 
325 330 335 



Lys Gly Phe Glu Glu Arg Thr Lys Gly Lys Gly Leu He He Arg Gly 
340 345 350 



Trp Ala Pro Gin Val Leu He Leu Asp His Glu Ala Val Gly Gly Phe 
355 360 365 



Val Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly He Ser Cys Gly 
370 375 380 



Val Pro Met Val Thr Trp Pro Ala Phe Ala Glu Gin Phe Tyr He Glu 
385 390 395 400 



Lys Leu Val Thr Glu He Leu Lys Thr Gly He Pro Val Gly Ser Lys 
405 410 415 



His Trp Asn Arg Thr He Glu Cys Asn Val Lys Trp Glu Asp He Lys 
420 425 430 
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Glu Val Val Arg Arg Leu Met Val Glu Glu Glu Gly Met Glu He Arg 
435 440 445 



Ser Arg Ala Leu Lys Leu Lys Asn Met Ala Arg Lys Ala He Asp Glu 
450 455 460 



Gly Gly Ser Ser Tyr Val Glu Leu Thr Ser Leu He Gin Glu Leu Ser 
465 470 475 480 



Asn Cys Lys Leu Asn Ser Asn Gly Phe 
485 



<210> 16 

<211> 1993 

<212> DNA 

<213> Dianthus caryophyllus cv. light cream candle 
<220> 

<221> CDS 

<222> (410) . . (1852) 

<223> cDNA 



<400> 16 

tccttctgaa tgttgtagtc agcaagagtg cggccgtcct cgagttgctt tccagcgaag 60 

atcagacgtt gctggtctgg ggggatccct tccttgtcct ggattttggt tttgacattg 120 

tcgattgtgt cggaactctc gacctcgaga gtgattgtct tgcctgtgag ggtcttaacg 180 

aagatttgca tcttgaaaga aggattaaaa tcgagaggaa gattgattag agaatttgga 240 

gagaaaattg attgaattat aagaagttga gaattgagct cgtgccgaat tcggcacgag 300 
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atcaaacatc aattacacag aaataacaac aacaacaaaa caacaacaac aacaacaaaa 360 

caactcttta ttaatccatc aaattaccaa aaaaaaaata tacaggatc atg tct tea 418 

Met Ser Ser 
1 

ggg tta gta ttc att cct aca ccg ggt atg ggt cac ctt gta tec gec 466 
Gly Leu Val Phe He Pro Thr Pro Gly Met Gly His Leu Val Ser Ala 
5 10 15 

ate gag etc gec aaa cac gtc ctt cgt acc aat aat ttc ate tec ata 514 
He Glu Leu Ala Lys His Val Leu Arg Thr Asn Asn Phe He Ser lie 
20 25 30 35 

tec att ctt att etc aac att ccg age cat tec tec aaa att acg ggc 562 
Ser lie Leu lie Leu Asn He Pro Ser His Ser Ser Lys He Thr Gly 
40 45 50 

ttc gtc gac tec cag tea cgt aac aac cca tac ccg act cgt tta aca 610 
Phe Val Asp Ser Gin Ser Arg Asn Asn Pro Tyr Pro Thr Arg Leu Thr 
55 60 65 

ttt gtc acc etc ccg ccc tta tea gac cca cct gac atg gcg ggt acc 658 
Phe Val Thr Leu Pro Pro Leu Ser Asp Pro Pro Asp Met Ala Gly Thr 
70 75 80 

ccg cac ttc teg teg gtc ate cac ctt cac aag ccg ate gtg aag cag 706 
Pro His Phe Ser Ser Val He His Leu His Lys Pro He Val Lys Gin 
85 90 95 

gee att gag gac cgt gtt cga gat ggg ttg ttt aaa cct gtc ggg ttt 754 
Ala He Glu Asp Arg Val Arg Asp Gly Leu Phe Lys Pro Val Gly Phe 
100 105 110 115 

gtt gtc gac atg ttt tgc get gaa atg gtt gat ctt get aat gag atg 802 
Val Val Asp Met Phe Cys Ala Glu Met Val Asp Leu Ala Asn Glu Met 
120 125 130 



aat gtt ccg acc tac ctt ttc ttt act teg ggt gca agt ttt ttg aac 
Asn Val Pro Thr Tyr Leu Phe Phe Thr Ser Gly Ala Ser Phe Leu Asn 



850 
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135 140 145 

ttc ttg ttg tat get cag tea ctg gcg gat gat cat ccc gag att gat 898 
Phe Leu Leu Tyr Ala Gin Ser Leu Ala Asp Asp His Pro Glu He Asp 
150 . 155 160 

ate gtg agg gag ttt agt agg egg gat ttt tct gcg ctt gtg ccc ggg 946 
lie Val Arg Glu Phe Ser Arg Arg Asp Phe Ser Ala Leu Val Pro Gly 
165 170 175 

ttt cag aac ccg gtc acg age aat gtt att ccc get etc ttg cag gag 994 
Phe Gin Asn Pro Val Thr Ser Asn Val He Pro Ala Leu Leu Gin Glu 
180 185 190 195 

aag age ggg tgt gaa ttg etc etc aac ttc gcg agg aag ttt agg gaa 1042 
Lys Ser Gly Cys Glu Leu Leu Leu Asn Phe Ala Arg Lys Phe Arg Glu 
200 205 210 

atg aag ggt att ttg gtg aac acg tat gcg gaa ttg gaa ccg tat ggt 1090 
Met Lys Gly He Leu Val Asn Thr Tyr Ala Glu Leu Glu Pro Tyr Gly 
215 220 225 

etc cag gcg ttg gee aaa ggt gac ggt aaa aga att ccg ccg gtt tat 1138 
Leu Gin Ala Leu Ala Lys Gly Asp Gly Lys Arg He Pro Pro Val Tyr 
230 235 240 

ccc gtg ggg ccc att ttg gag eta cat aaa aag age ggt cgt ggg ace 1186 
Pro Val Gly Pro He Leu Glu Leu His Lys Lys Ser Gly Arg Gly Thr 
245 250 255 

ace agt atg gat gag tct gtg att cag tgg etc gac get caa ccg gag 1234 
Thr Ser Met Asp Glu Ser Val He Gin Trp Leu Asp Ala Gin Pro Glu 
260 265 270 . 275 

teg teg gtg gtg ttt ctg tgt ttt gga age tgg gga agt ttc gat gag 1282 
Ser Ser Val Val Phe Leu Cys Phe Gly Ser Trp Gly Ser Phe Asp Glu 
280 285 290 

gag cag att aaa gag ata gee aat ggt eta gaa caa teg gga cat egg 1330 
Glu Gin He Lys Glu He Ala Asn Gly Leu Glu Gin Ser Gly His Arg 
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295 300 305 

ttt ttg tgg gcc eta aga aag ccg cct ccc aag gga aag tta gca gca 1378 
Phe Leu Trp Ala Leu Arg Lys Pro Pro Pro Lys Gly Lys Leu Ala Ala 
310 315 320 

cct age gac aac gag ccg tac gta gag gcc etc ccg gaa ggg ttc ctt 1426 
Pro Ser Asp Asn Glu Pro Tyr Val Glu Ala Leu Pro Glu Gly Phe Leu 
325 330 335 

gag cga acg agt ggt cgc ggg aaa ate gta gcg tgg gcc cca cag gtc 1474 
Glu Arg Thr Ser Gly Arg Gly Lys He Val Ala Trp Ala Pro Gin Val 
340 345 350 355 

gag gtg tta gca cac cgt get ata ggt gga ttc gta tea cat tgt ggg 1522 
Glu Val Leu Ala His Arg Ala He Gly Gly Phe Val Ser His Cys Gly 
360 365 370 

tgg aat tec acg tta gag agt ttg tgg ttt ggg gtt ccc atg gca acg 1570 
Trp Asn Ser Thr Leu Glu Ser Leu Trp Phe Gly Val Pro Met Ala Thr 
375 380 385 

tgg ccc atg tat gca gag caa cag atg aac gcg ttt gag ctt gtg aaa 1618 
Trp Pro Met Tyr Ala Glu Gin Gin Met Asn Ala Phe Glu Leu Val Lys 
390 395 400 

gat ttg aat tta gca gtc gag ata aga atg gat tat aaa agg gac ttg 1666 
Asp Leu Asn Leu Ala Val Glu lie Arg Met Asp Tyr Lys Arg Asp Leu 
405 410 415 

gta atg gga aaa agt aat ttt gca gtg acc gcc gag gag att gaa aat 1714 
Val Met Gly Lys Ser Asn Phe Ala Val Thr Ala Glu Glu lie Glu Asn 
420 425 430 435 

gga gtt aaa aca ttg atg aat gcg gat gga aag eta aga agt aga gta 1762 
Gly Val Lys Thr Leu Met Asn Ala Asp Gly Lys Leu Arg Ser Arg Val 
440 445 450 



acg aaa atg age gaa gaa ggt aga aaa get ttg gaa gaa gga gga teg 
Thr Lys Met Ser Glu Glu Gly Arg Lys Ala Leu Glu Glu Gly Gly Ser 
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455 460 465 

teg cat gac aat tta gaa cat ttc att gaa gat gtt ctt caa 1852 
Ser His Asp Asn Leu Glu His Phe He Glu Asp Val Leu Gin 
470 475 480 

taaatcatca tcatttgttg atattttgat aatttttttg tttttttagt ctacagtaat 1912 

gatgatatta ggttaatgta atcattttta etaeggagta etcaegtata ttagaatcca 1972 

tttaaaaaaa aaaaaaaaaa a _ l" 3 



<210> 17 
<211> 481 
<212> PRT 

<213>- Dianthus caryophyllus cv. light cream candle 
<400> 17 

Met Ser Ser Gly Leu Val Phe He Pro Thr Pro Gly Met Gly His Leu 
15 10 15 



Val Ser Ala He Glu Leu Ala Lys His Val Leu Arg Thr Asn Asn Phe 
20 25 30 



He Ser He Ser He Leu He Leu Asn He Pro Ser His Ser Ser Lys 
35 40 45 



He Thr Gly Phe Val Asp Ser Gin Ser Arg Asn Asn Pro Tyr Pro Thr 
50 55 60 



Arg Leu Thr Phe Val Thr Leu Pro Pro Leu Ser Asp Pro Pro Asp Met 
65 70 75 80 



WO 2004/018682 



PCT/JP2003/010500 



25/59 

Ala Gly Thr Pro His Phe Ser Ser Val He His Leu His Lys Pro lie 
85 90 95 

Val Lys Gin Ala lie Glu Asp Arg Val Arg Asp Gly Leu Phe Lys Pro 
100 105 110 

Val Gly Phe Val Val Asp Met Phe Cys Ala Glu Met Val Asp Leu Ala 
115 120 125 

Asn Glu Met Asn Val Pro Thr Tyr Leu Phe Phe Thr Ser Gly Ala Ser 
130 135 140 

Phe Leu Asn Phe Leu Leu Tyr Ala Gin Ser Leu Ala Asp Asp His Pro 
145 150 155 160 

Glu He Asp He Val Arg Glu Phe Ser Arg Arg Asp Phe Ser Ala Leu 
165 170 175 

Val Pro Gly Phe Gin Asn Pro Val Thr Ser Asn Val He Pro Ala Leu 
180 185 190 

Leu Gin Glu Lys Ser Gly Cys Glu Leu Leu Leu Asn Phe Ala Arg Lys 
195 200 205 

Phe Arg Glu Met Lys Gly He Leu Val Asn Thr Tyr Ala Glu Leu Glu 
210 215 220 



Pro Tyr Gly Leu Gin Ala Leu Ala Lys Gly Asp Gly Lys Arg He Pro 
225 230 235 240 
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Pro Val Tyr Pro Val Gly Pro lie Leu Glu Leu His Lys Lys Ser Gly 
245 250 255 



Arg Gly Thr Thr Ser Met Asp Glu Ser Val lie Gin Trp Leu Asp Ala 
260 265 270 

Gin Pro Glu Ser Ser Val Val Phe Leu Cys Phe Gly Ser Trp Gly Ser 
275 280 285 

Phe Asp Glu Glu Gin lie Lys Glu lie Ala Asn Gly Leu Glu Gin Ser 
290 295 300 

Gly His Arg Phe Leu Trp Ala Leu Arg Lys Pro Pro Pro Lys Gly Lys 
305 310 315 320 

Leu Ala Ala Pro Ser Asp Asn Glu Pro Tyr Val Glu Ala Leu Pro Glu 
325 330 335 

Gly Phe Leu Glu Arg Thr Ser Gly Arg Gly Lys lie Val Ala Trp Ala 
340 345 350 

Pro Gin Val Glu Val Leu Ala His Arg Ala lie Gly Gly Phe Val Ser 
355 360 365 

His Cys Gly Trp Asn Ser Thr Leu Glu Ser Leu Trp Phe Gly Val Pro 
370 375 380 



Met Ala Thr Trp Pro Met Tyr Ala Glu Gin Gin Met Asn Ala Phe Glu 
385 390 395 400 
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Leu Val Lys Asp Leu Asn Leu Ala Val Glu He Arg Met Asp Tyr Lys 
405 410 415 



Arg Asp Leu Val Met Gly Lys Ser Asn Phe Ala Val Thr Ala Glu Glu 
420 425 430 



He Glu Asn Gly Val Lys Thr Leu Met Asn Ala Asp Gly Lys Leu Arg 
435 440 445 



Ser Arg Val Thr Lys Met Ser Glu Glu Gly Arg Lys Ala Leu Glu Glu 
450 455 460 



Gly Gly Ser Ser His Asp Asn Leu Glu His Phe He Glu Asp Val Leu 
465 470 475 480 



Gin 



<210> 18 

<211> 1643 

<212> DNA 

<213> Dianthus caryophyllus cv. light cream candle 
<220> 

<221> CDS 

<222> (68).. (1516) 

<223> cDNA 



<400> 18 

caacactcat aaatttctag taaaacacta aacatttcat aatatatatt attatctaat 60 



ttcggaa atg gtt gcc gag cct cac cgc ctt cac ata gtt atg ttc ccc 
Met Val Ala Glu Pro His Arg Leu His He Val Met Phe Pro 
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1 5 10 

ttc ctg get cac ggc cac atg att cca aca etc gac att gcg agg ttg 
Phe Leu Ala His Gly His Met He Pro Thr Leu Asp He Ala Arg Leu 
15 20 25 30 

ttt gca get cgc aat gtc gaa gtg tec ate ate ace ace ccg gtc aat 
Phe Ala Ala Arg Asn Val Glu Val Ser He He Thr Thr Pro Val Asn 
35 40 45 

gcg ccg ata ttc ace aag gec att gaa acg ggt aat ccg etc ate aat 
Ala Pro He Phe Thr Lys Ala He Glu Thr Gly Asn Pro Leu He Asn 
50 55 60 

gtg gag ttg ttc aag ttc ccg get aaa gaa gec gga eta ccc gaa ggg 
Val Glu Leu Phe Lys Phe Pro Ala Lys Glu Ala Gly Leu Pro Glu Gly 
65 70 75 

tgc gag aat gec gag ata gta ata agg caa cca gag ttg ate ccg cag 
Cys Glu Asn Ala Glu He Val He Arg Gin Pro Glu Leu He Pro Gin 
80 85 90 

ttt ttc aag gec act cac ttg ttc caa cag caa etc gag gag tac ttg 
Phe Phe Lys Ala Thr His Leu Phe Gin Gin Gin Leu Glu Glu Tyr Leu 
95 100 105 HO 

gat agg gtt cga ccc gat tgc etc gtg gcg gat atg ttc tac cca tgg 
Asp Arg Val Arg Pro Asp Cys Leu Val Ala Asp Met Phe Tyr Pro Trp 
115 120 125 

get act gac tec gcg aca aaa ttt aac eta cct agg etc gtg ttt cac 
Ala Thr Asp Ser Ala Thr Lys Phe Asn Leu Pro Arg Leu Val Phe His 
130 135 140 

ggc att age tgt ttt gcg eta tgt gcg caa gaa tea gtg teg cga tat 
Gly He Ser Cys Phe Ala Leu Cys Ala Gin Glu Ser Val Ser Arg Tyr 
145 150 155 



157 



205 



253 



301 



349 



397 



445 



493 



541 



gaa cct tac cga aac gtc teg tct gac gac gaa cca ttt get ctt ccc 
Glu Pro Tyr Arg Asn Val Ser Ser Asp Asp Glu Pro Phe Ala Leu Pro 



589 
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160 165 170 

ggc ctt ccc cat gag ata aag ttg ate cga tec cag att tec cca gat 637 

Gly Leu Pro His Glu lie Lys Leu lie Arg Ser Gin lie Ser Pro Asp 

175 180 185 190 

tea aga ggt gac aag gaa aat tea tec aag acg aca acg gaa ttg ate 685 

Ser Arg Gly Asp Lys Glu Asn Ser Ser Lys Thr Thr Thr Glu Leu lie 

195 200 205 

aac gat tec gag gtg gaa agt ttt ggg gtg att atg aac age ttt tac 733 

Asn Asp Ser Glu Val Glu Ser Phe Gly Val He Met Asn Ser Phe Tyr 
210 215 220 

gag ctg gaa cca gaa tat gec gaa ttt tac gca aag gat atg gga aga 781 

Glu Leu Glu Pro Glu Tyr Ala Glu Phe Tyr Ala Lys Asp Met Gly Arg 
225 230 235 

aag gcg tgg cat ate ggg cca gtt tct ctt tgc aat cga age aac gac 829 

Lys Ala Trp His He Gly Pro Val Ser Leu Cys Asn Arg Ser Asn Asp 

240 245 250 

cag aaa gee eta cga ggg aag egg get tea ate gac gac cac gag tgc 877 

Gin Lys Ala Leu Arg Gly Lys Arg Ala Ser He Asp Asp His Glu Cys 

255 260 265 270 

ttg gca tgg ctg gac teg aag gag cct aat teg gtt gtt tac gtc tgc 925 

Leu Ala Trp Leu Asp Ser Lys Glu Pro Asn Ser Val Val Tyr Val Cys 

275 280 285 

ttc ggg age aca teg gtc teg att get cca caa ctg cga gaa att gca 973 

Phe Gly Ser Thr Ser Val Ser He Ala Pro Gin Leu Arg Glu He Ala 
290 295 300 

atg get eta gaa cag tec ggt aaa aac ttc att tgg gcg gta cga gat 1021 

Met Ala Leu Glu Gin Ser Gly Lys Asn Phe He Trp Ala Val Arg Asp 
305 310 315 

ggc gga aat ggg aag aat gag gaa tgg ttg ccg eta gga ttt gag gag 1069 

Gly Gly Asn Gly Lys Asn Glu Glu Trp Leu Pro Leu Gly Phe Glu Glu 



WO 2004/018682 



PCT/JP2003/010500 



30/59 

320 325 330 

aga acc aaa ggg aaa ggt eta ata ata cga ggg tgg gec ccg caa gtc 1117 
Arg Thr Lys Gly Lys Gly Leu He lie Arg Gly Trp Ala Pro Gin Val 
335 340 345 350 

ctt att ttg gac cac aag gcg gtc ggg get ttt gtg act cac tgt gga 1165 
Leu He Leu Asp His Lys Ala Val Gly Ala Phe Val Thr His Cys Gly 
355 360 365 

tgg aac teg act etc gaa ggg att teg gee ggt gtg ccg atg gtc acg 1213 
Trp Asn Ser Thr Leu Glu Gly He Ser Ala Gly Val Pro Met Val Thr 
370 375 380 

tgg ccg ctt ttt gcg gag cag ttc ttc aat gaa aaa eta gtg acc aac 1261 
Trp Pro Leu Phe Ala Glu Gin Phe Phe Asn Glu Lys Leu Val Thr Asn 
385 390 395 

gtt ttg agg acg ggg gtt tec ate ggg gtt aag aaa tgg aat cga aca 1309 
Val Leu Arg Thr Gly Val Ser He Gly Val Lys Lys Trp Asn Arg Thr 
400 405 410 

cct teg gtc gag gat etc ata acc egg gaa get att gaa gcg get ata 1357 
Pro Ser Val Glu Asp Leu He Thr Arg Glu Ala He Glu Ala Ala He 
415 420 425 430 

aga gag ata atg gag gga gag aag gca gag gag atg agg ttg aga gca 1405 
Arg Glu He Met Glu Gly Glu Lys Ala Glu Glu Met Arg Leu Arg Ala 
435 440 445 

aaa aaa ttg aag gaa gca gcg agg aac gca gta gag gaa ggt ggc teg 1453 
Lys Lys Leu Lys Glu Ala Ala Arg Asn Ala Val Glu Glu Gly Gly Ser 
450 455 460 

teg tac aac cac ttg age act ctg ata gac gag ttg agg aaa tac caa 1501 
Ser Tyr Asn His Leu Ser Thr Leu He Asp Glu Leu Arg Lys Tyr Gin 
465 470 475 



act cag aaa cgt aat tagtcctaaa gaattcataa acgctacgca ctatgttttc 1556 
Thr Gin Lys Arg Asn 
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480 

acgctgtcgc atttcattaa ctcttgtgct actgctttaa atttctataa aaggtttgct 1616 
gtcgtttaaa aaaaaaaaaa aaaaaaa 1643 



<210> 19 
<211> 483 
<212> PRT 

<213> Dianthus caryophyllus cv. light cream candle 
<400> 19 

Met Val Ala Glu Pro His Arg Leu His lie Val Met Phe Pro Phe Leu 
15 10 15 



Ala His Gly His Met He Pro Thr Leu Asp He Ala Arg Leu Phe Ala 
20 25 30 



Ala Arg Asn Val Glu Val Ser He He Thr Thr Pro Val Asn Ala Pro 
35 40 45 



He Phe Thr Lys Ala He Glu Thr Gly Asn Pro Leu He Asn Val Glu 
50 55 60 



Leu Phe Lys Phe Pro Ala Lys Glu Ala Gly Leu Pro Glu Gly Cys Glu 
65 70 75 80 



Asn Ala Glu He Val He Arg Gin Pro Glu Leu lie Pro Gin Phe Phe 
85 90 95 



Lys Ala Thr His Leu Phe Gin Gin Gin Leu Glu Glu Tyr Leu Asp Arg 
100 105 110 



WO 2004/018682 



PCT/JP2003/010500 



32/59 



Val Arg Pro Asp Cys Leu Val Ala Asp Met Phe Tyr Pro Trp Ala Thr 
115 120 125 



Asp Ser Ala Thr Lys Phe Asn Leu Pro Arg Leu Val Phe His Gly He 
130 135 140 



Ser Cys Phe Ala Leu Cys Ala Gin Glu Ser Val Ser Arg Tyr Glu Pro 
145 150 155 160 



Tyr Arg Asn Val Ser Ser Asp Asp Glu Pro Phe Ala Leu Pro Gly Leu 
165 170 175 



Pro His Glu He Lys Leu He Arg Ser Gin He Ser Pro Asp Ser Arg 
180 185 190 



Gly Asp Lys Glu Asn Ser Ser Lys Thr Thr Thr Glu Leu He Asn Asp 
195 200 205 



Ser Glu Val Glu Ser Phe Gly Val He Met Asn Ser Phe Tyr Glu Leu 
210 215 220 



Glu Pro Glu Tyr Ala Glu Phe Tyr Ala Lys Asp Met Gly Arg Lys Ala 
225 230 235 240 



Trp His He Gly Pro Val Ser Leu Cys Asn Arg Ser Asn Asp Gin Lys 
245 250 255 



Ala Leu Arg Gly Lys Arg Ala Ser He Asp Asp His Glu Cys Leu Ala 
260 265 270 
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Trp Leu Asp Ser Lys Glu Pro Asn Ser Val Val Tyr Val Cys Phe Gly 
275 280 ' 285 



Ser Thr Ser Val Ser He Ala Pro Gin Leu Arg Glu He Ala Met Ala 
290 295 300 



Leu Glu Gin Ser Gly Lys Asn Phe He Trp Ala Val Arg Asp Gly Gly 
305 310 315 320 



Asn Gly Lys Asn Glu Glu Trp Leu Pro Leu Gly Phe Glu Glu Arg Thr 
325 330 335 



Lys Gly Lys Gly Leu He He Arg Gly Trp Ala Pro Gin Val Leu He 
340 345 350 



Leu Asp His Lys Ala Val Gly Ala Phe Val Thr His Cys Gly Trp Asn 
355 360 365 



Ser Thr Leu Glu Gly He Ser Ala Gly Val Pro Met Val Thr Trp Pro 
370 375 380 



Leu Phe Ala Glu Gin Phe Phe Asn Glu Lys Leu Val Thr Asn Val Leu 
385 390 395 400 



Arg Thr Gly Val Ser He Gly Val Lys Lys Trp Asn Arg Thr Pro Ser 
405 410 415 



Val Glu Asp Leu He Thr Arg Glu Ala He Glu Ala Ala He Arg Glu 
420 425 430 
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lie Met Glu Gly Glu Lys Ala Glu Glu Met Arg Leu Arg Ala Lys Lys 
435 440 445 



Leu Lys Glu Ala Ala Arg Asn Ala Val Glu Glu Gly Gly Ser Ser Tyr 
450 455 460 



Asn His Leu Ser Thr Leu He Asp Glu Leu Arg Lys Tyr Gin Thr Gin 
465 470 475 480 



Lys Arg Asn 



<210> 20 

<211> 1581 

<212> DNA 

<213> Dianthus caryophyllus cv. light cream candle 
<220> 

<221> CDS 

<222> (20).. (1477) 

<223> cDNA 



<400> 20 

acattacctt taccagaaa atg ggt get gaa cct aaa cgt eta cac ata gtt 52 

Met Gly Ala Glu Pro Lys Arg Leu His He Val 
1 5 10 

ttc ttc cct ttt ttg get cat ggc cat atg att ccg acc etc gac gtt 100 
Phe Phe Pro Phe Leu Ala His Gly His Met He Pro Thr Leu Asp Val 
15 20 25 



gcg agg ctg ttt gca get cgc aat gtc gag gcg aca ata ate acc acc 148 
Ala Arg Leu Phe Ala Ala Arg Asn Val Glu Ala Thr He He Thr Thr 
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30 35 40 

cgt gtc aac gca cca agg ttt acc agt gca gtt gac acg ggt aac aga 196 

Arg Val Asn Ala Pro Arg Phe Thr Ser Ala Val Asp Thr Gly Asn Arg 
45 50 55 

att gga aat aat caa acg gtc aaa tta gaa ttg tta agg ttc cct acc 244 

lie Gly Asn Asn Gin Thr Val Lys Leu Glu Leu Leu Arg Phe Pro Thr 

60 65 70 75 

cac gag gcg ggg gta cct gag ggt tgt gag aat gcg gag att gca atg 292 

His Glu Ala Gly Val Pro Glu Gly Cys Glu Asn Ala Glu lie Ala Met 

80 85 90 

cgc ate ccg ggg atg atg ccg cga ttt ttt aag ggt acc caa ttg ctt 340 

Arg lie Pro Gly Met Met Pro Arg Phe Phe Lys Gly Thr Gin Leu Leu 
95 100 105 

egg gag cag etc gag cag tac tta agt agg gtt aag ccc aat tgt etc 388 

Arg Glu Gin Leu Glu Gin Tyr Leu Ser Arg Val Lys Pro Asn Cys Leu 
110 115 120 

gtg gec gac atg ttt tac ccg tgg get acg gaa tec gcg aac aag tat 436 

Val Ala Asp Met Phe Tyr Pro Trp Ala Thr Glu Ser Ala Asn Lys Tyr 
125 130 135 

gat ate cct agg ctt gtg ttc cat gga act age tat ttt tct eta tgc 484 

Asp He Pro Arg Leu Val Phe His Gly Thr Ser Tyr Phe Ser Leu Cys 

140 145 150 155 

gca caa gag ate gtt cga gta cac gaa ccg tac aaa atg gtt tta tgt 532 

Ala Gin Glu He Val Arg Val His Glu Pro Tyr Lys Met Val Leu Cys 

160 165 170 

aac aac gag aaa ttc act att cct tta att cca cac gac ate aaa ttg 580 

Asn Asn Glu Lys Phe Thr lie Pro Leu He Pro His Asp He Lys Leu 
175 180 185 



ttg cga tea caa atg tgc ccg gac tta ate age gac gag gac aat gac 
Leu Arg Ser Gin Met Cys Pro Asp Leu He Ser Asp Glu Asp Asn Asp 



628 
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190 195 200 

ttt cgt aag cga atg gat ttg gtt aag aag teg gag gtg gag agt tat 676 
Phe Arg Lys Arg Met Asp Leu Val Lys Lys Ser Glu Val Glu Ser Tyr 
205 210 215 

gga gtg att gtg aat age ttc tac gag ctt gaa ccc gac tat gec gag 724 
Gly Val He Val Asn Ser Phe Tyr Glu Leu Glu Pro Asp Tyr Ala Glu 
220 225 230 235 

gtc tac acg aag gaa ttg gga cga aag gcg tgg cat gta ggg cca gtt 772 
Val Tyr Thr Lys Glu Leu Gly Arg Lys Ala Trp His Val Gly Pro Val 
240 245 250 

tct ctt tgt aat cgt age gtt ttg gag aag ggt cga aga ggg aat cag 820 
Ser Leu Cys Asn Arg Ser Val Leu Glu Lys Gly Arg Arg Gly Asn Gin 
255 260 265 

get tea ate gac gag cat gag tgc ttg act tgg etc gac teg aag aag 868 
Ala Ser He Asp Glu His Glu Cys Leu Thr Trp Leu Asp Ser Lys Lys 
270 275 280 

ctt get tec gtt gtt tac att agt ttt ggg age atg tea tec teg ate 916 
Leu Ala Ser Val Val Tyr He Ser Phe Gly Ser Met Ser Ser Ser He 
285 290 295 

act cca caa eta cac gag att gcg acg gec eta gaa aac teg gga tgt 964 
Thr Pro Gin Leu His Glu He Ala Thr Ala Leu Glu Asn Ser Gly Cys 
300 305 310 315 

aac ttc att tgg gtg gta cga agt ggc gag agt gaa aac cac gac gaa 1012 
Asn Phe He Trp Val Val Arg Ser Gly Glu Ser Glu Asn His Asp Glu 
320 325 330 

agt ttt cca ccg ggg ttc gaa caa agg acc aaa gag aag ggt ttg ate 1060 
Ser Phe Pro Pro Gly Phe Glu Gin Arg Thr Lys Glu Lys Gly Leu He 
335 340 345 

ata aga ggt tgg gee cca caa gtc ttg ate ttg gac cac gag gee gtg 1108 
He Arg Gly Trp Ala Pro Gin Val Leu He Leu Asp His Glu Ala Val 
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350 355 360 

gga gcg ttc atg aca cac tgt gga tgg aac teg aca ctg gaa ggg ate 1156 
Gly Ala Phe Met Thr His Cys Gly Trp Asn Ser Thr Leu Glu Gly He 
365 370 375 

acg get ggg gta cca atg ate acg tgg ccg cat gee gee gag caa ttc 1204 
Thr Ala Gly Val Pro Met lie Thr Trp Pro His Ala Ala Glu Gin Phe 
380 385 390 395 

tac aat gaa aaa eta gtg act gag ata ctg aag age gga gtg agt gtt 1252 
Tyr Asn Glu Lys Leu Val Thr Glu He Leu Lys Ser Gly Val Ser Val 
400 405 410 

gga gcg aag ata tgg agt agg atg cct teg gtc gaa gat etc ata ggc 1300 
Gly Ala Lys He Trp Ser Arg Met Pro Ser Val Glu Asp Leu He Gly 
415 420 425 

cga gag get att gag att gcg att agg gag gtg atg gac gga gaa aag 1348 
Arg Glu Ala He Glu He Ala He Arg Glu Val Met Asp Gly Glu Lys • 
430 435 440 

gca gaa acg atg agg ttg aag gcg aaa tgg ttg aag gaa atg gcg agg 1396 
Ala Glu Thr Met Arg Leu Lys Ala Lys Trp Leu Lys Glu Met Ala Arg 
445 450 455 

aag gcg gtc gag gaa ggt ggc teg teg tac acc cag ttg agt gca ttg 1444 
Lys Ala Val Glu Glu Gly Gly Ser Ser Tyr Thr Gin Leu Ser Ala Leu 
460 465 470 475 

ata gag gac ttg aag aac tat cac act caa aag tgagattatt aatacatgtt 1497 
He Glu Asp Leu Lys Asn Tyr His Thr Gin Lys 
480 485 

teaacttegt tgatctttgt taaaatgtta tgtaatttct tttaataatt cataaagttt 1557 

aaatgtaaaa aaaaaaaaaa aaaa 1581 



<210> 21 
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<211> 486 
<212> PRT 

<213> Dianthus caryophyllus cv. light cream candle 
<400> 21 

Met Gly Ala Glu Pro Lys Arg Leu His He Val Phe Phe Pro Phe Leu 
15 10 15 



Ala His Gly His Met He Pro Thr Leu Asp Val Ala Arg Leu Phe Ala 
20 25 30 



Ala Arg Asn Val Glu Ala Thr He He Thr Thr Arg Val Asn Ala Pro 
35 40 45 



Arg Phe Thr Ser Ala Val Asp Thr Gly Asn Arg He Gly Asn Asn Gin 
50 55 60 



Thr Val Lys Leu Glu Leu Leu Arg Phe Pro Thr His Glu Ala Gly Val 
65 70 75 80 



Pro Glu Gly Cys Glu Asn Ala Glu He Ala Met Arg He Pro Gly Met 
85 90 95 



Met Pro Arg Phe Phe Lys Gly Thr Gin Leu Leu Arg Glu Gin Leu Glu 
100 105 HO 



Gin Tyr Leu Ser Arg Val Lys Pro Asn Cys Leu Val Ala Asp Met Phe 
115 120 125 



Tyr Pro Trp Ala Thr Glu Ser Ala Asn Lys Tyr Asp He Pro Arg Leu 
130 135 140 



WO 2004/018682 



PCT/JP2003/010500 



39/59 



Val Phe His Gly Thr Ser Tyr Phe Ser Leu Cys Ala Gin Glu lie Val 
145 150 155 160 



Arg Val His Glu Pro Tyr Lys Met Val Leu Cys Asn Asn Glu Lys Phe 
165 170 175 



Thr lie Pro Leu He Pro His Asp He Lys Leu Leu Arg Ser Gin Met 
180 185 190 



Cys Pro Asp Leu He Ser Asp Glu Asp Asn Asp Phe Arg Lys Arg Met 
195 200 205 



Asp Leu Val Lys Lys Ser Glu Val Glu Ser Tyr Gly Val He Val Asn 
210 215 220 



Ser Phe Tyr Glu Leu Glu Pro Asp Tyr Ala Glu Val Tyr Thr Lys Glu 
225 230 235 240 



Leu Gly Arg Lys Ala Trp His Val Gly Pro Val Ser Leu Cys Asn Arg 
245 250 255 



Ser Val Leu Glu Lys Gly Arg Arg Gly Asn Gin Ala Ser He Asp Glu 
260 265 270 



His Glu Cys Leu Thr Trp Leu Asp Ser Lys Lys Leu Ala Ser Val Val 
275 280 285 



Tyr He Ser Phe Gly Ser Met Ser Ser Ser He Thr Pro Gin Leu His 
290 295 300 
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Glu He Ala Thr Ala Leu Glu Asn Ser Gly Cys Asn Phe He Trp Val 
305 310 315 320 



Val Arg Ser Gly Glu Ser Glu Asn His Asp Glu Ser Phe Pro Pro Gly 
325 330 335 



Phe Glu Gin Arg Thr Lys Glu Lys Gly Leu He lie Arg Gly Trp Ala 
340 345 350 



Pro Gin Val Leu lie Leu Asp His Glu Ala Val Gly Ala Phe Met Thr 
355 360 365 



His Cys Gly Trp Asn Ser Thr Leu Glu Gly He Thr Ala Gly Val Pro 
370 375 380 



Met He Thr Trp Pro His Ala Ala Glu Gin Phe Tyr Asn Glu Lys Leu 
385 390 395 400 



Val Thr Glu He Leu Lys Ser Gly Val Ser Val Gly Ala Lys He Trp 
405 410 415 



Ser Arg Met Pro Ser Val Glu Asp Leu lie Gly Arg Glu Ala lie Glu 
420 425 430 



He Ala He Arg Glu Val Met Asp Gly Glu Lys Ala Glu Thr Met Arg 
435 440 445 



Leu Lys Ala Lys Trp Leu Lys Glu Met Ala Arg Lys Ala Val Glu Glu 
450 455 460 



WO 2004/018682 



PCT/JP2003/010500 



41/59 



Gly Gly Ser Ser Tyr Thr Gin Leu Ser Ala Leu lie Glu Asp Leu Lys 



Asn Tyr His Thr Gin Lys 
485 



<210> 22 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> T170F PCR primer 

<400> 22 

gagcaaagca ccgttcgagt tg 22 

<210> 23 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> T170R PCR primer 



465 



470 



475 



480 



<400> 



23 



ctccgtacat gattgcagag agca 



24 



<210> 24 
<211> 24 
<212> DNA 



<213> Artificial 



<220> 



WO 2004/018682 



PCT/JP2003/010500 



42/59 



<223> CHIF1 PCR primer 



<400> 24 



gcaaaaatgt ctcctccagt gtcc 



24 



<210> 25 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> CHIR1 PCR primer 

<400> 25 



acttctcaat ggcacgaccc tc 22 



<210> 26 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> T128-NcoI PCR primer 



<210> 27 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> A93-75 BspHI PCR primer 



<400> 



26 



acaatttcag ccatgggcac 



20 



WO 2004/018682 



PCT/JP2003/010500 



43/59 



<400> 27 

acaggatcat gacttcaggg 



20 



<210> 28 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> A93-75-BglII PCR primer 

<400> 28 

ggaagatcta atatacgtga gtac 24 

<210> 29 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> S6B11-RT-F PCR primer 



<210> 30 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> S6B11-RT-R PCR primer 

<400> 30 

agcaaatggt tcgtcgtcag ac 22 



<400> 



29 



gtaatccgct catcaatgtg gag 



23 
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<210> 31 
<211> 18 
<212> DNA 
<213> Artificial 

<220> 

<223> S12A2-NcoI PCR primer 
<400> 31 

accagaccat gggtgctg 18 



<210> 32 

<211> 19 

<212> DNA 

<213> Artificial 

<220> 

<223> S12A2-S1 PCR primer 

<400> 32 

gagattgcaa tgcgcatcc 19 



<210> 33 

<211> 20 

<212> DNA 

<213> Artificial 



<220> 

<223> S12A2-S2 PCR primer 
<400> 33 

gtggccgaca tgttttaccc 20 



<210> 34 

<211> 20 

<212> DNA 

<213> Artificial 
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<220> 

<223> S12A2-A1 PCR primer 



<400> 34 



gcattctcac aaccctcagg 



20 



<210> 35 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> S12A2-A2 PCR primer 

<400> 35 

tctgttaccc gtgtcaactg c 21 



<210> 36 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> pQE61-f primer 



<210> 37 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> pQE61-r primer 



<400> 



36 



catgggaggt accactagtg atatca 



26 
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<400> 37 

eatcteatat cactaetest acctcc 26 



<210> 38 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> T128-F PCR Primer 

<400> 38 

acgagttaga acccgagtat gctg 24 



<210> 39 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> T128-R PCR Primer 

<400> 39 

cagtgtgtca cgaatcctcc tacg 24 



<210> 40 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> PhF3H-ClaI PCR Primer 



<400> 40 

tggttcctgg atcagtgtgt cttttc 



26 
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<210> 41 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> ThF3H-SalIl PCR Primer 
<400> 41 

ttctctgtcg acgcccattg cc 22 



<210> 42 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> ThF3H-SalI2 PCR Primer 

<400> 42 

cgccgtgtcg actcgcttga ag 22 



<210> 43 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> TpCHI-Sall PCR Primer 

<400> 43 

acgcagaaaa aagtcgactg 20 



<210> 44 

<211> 19 

<212> DNA 

<213> Artificial 
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<220> 

<223> TpCHI-Xball PCR Primer 

J 

<400> 44 

gaggtgattg ggtctagag 19 



<210> 45 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> TpCHI-XbaI2 PCR Primer 

<400> 45 

atttctagag caggtccgac aat 23 



<210> 46 

<211> 24 

<212> DNA 

<213> Artificial 



<220> 

<223> PacI-FselF adapter inserted in a vector 
<400> 46 

taactgcact gaggccggcc agat 24 



<210> 47 

<211> 24 

<212> DNA 

<213> Artificial 



<220> 

<223> PacI-FseIR adapter inserted in a vector 
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<400> 47 



ctggccggcc tcagtgcagt taat 



24 



<210> 48 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> M13RV PCR Primer 

<400> 48 

tggttcctgg atcagtgtgt cttttc 26 

<210> 49 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> BamHI-CHI-F PCR Primer 



<210> 50 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> Sal-CHI-R PCR Primer 



<400> 



49 



tttggatcct ttatattcat gtaatcttag aac 



33 



<400> 50 

tttgtcgacg tttacaacat caggcccatt tg 



32 
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<210> 51 

J. x/ 

<212> DNA 

<213> Artificial 

<220> 

<223> Sal-CHI-F PCR Primer 
<400> 51 

tttgtctact ttatattcat gtaatcttag aac 33 



<210> 52 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> EcoRI-CHI-R PCR Primer 

<400> 52 

tttgaattct attgattcca gcactgcttc ag 32 



<210> 53 

<211> 29 

<212> DNA 

<213> Artificial 

<220> 

<223> YCy3-12Pl PCR Primer 

<400> 53 

ccccatggag agggcagagc tagccttca 29 



<210> 54 

<211> 30 

<212> DNA 

<213> Artificial 
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<220> 

<223> YCy3-12P2 PCR Primer 
<400> 54 

aaagcttcac gaagagcgat tgagtacttc 30 



<210> 55 

<211> 1670 

<212> DNA 

<213> Cyclamen persicum 



<220> 

<221> CDS 

<222> (62).. (1510) 

<223> 



<400> 55 

cgactggagc acgaggacac tgacatggac tgaaggaggt agaaaagaac caaagagaaa 60 

a atg gag agg gca gag eta gec ttc ate ccg ate ccg ggt gee ggc cac 109 
Met Glu Arg Ala Glu Leu Ala Phe He Pro He Pro Gly Ala Gly His 
15 10 15 



etc gtg ccc atg gtc gaa etc gca aaa gee etc act aca cga gac gaa 157 
Leu Val Pro Met Val Glu Leu Ala Lys Ala Leu Thr Thr Arg Asp Glu 
20 25 30 

cgc ate teg gtg aca gtc ttc ate atg gaa gtt cct ttc cag tec aag 205 
Arg lie Ser Val Thr Val Phe He Met Glu Val Pro Phe Gin Ser Lys 
35 40 45 



etc aac tec tac aca caa tec tta eta tec aac ccg ccc ccg tct cgt 253 
Leu Asn Ser Tyr Thr Gin Ser Leu Leu Ser Asn Pro Pro Pro Ser Arg 
50 55 60 



gtg egg ttc gtc cac etc acc ctg gac gag ccc acg acg gaa gac ate 301 
Val Arg Phe Val His Leu Thr Leu Asp Glu Pro Thr Thr Glu Asp He 
65 70 75 80 
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cgc tec aag ccg ggc age ttc tgg ctg etc gac tta ate cag att aac 349 
Arg Ser I.ys Pro Gly Ser Phe Trp Leu Leu Asp Leu lie Gin lie Asn 
85 90 95 

aag tec cgt gtc aag gac ttt tac tec teg gat tea act cgc tac gag 397 
Lys Ser Arg Val Lys Asp Phe Tyr Ser Ser Asp Ser Thr Arg Tyr Glu 
100 105 110 

ctt get gee ttc gtg gta gac atg ttc tgt age cag ttt gee gag gtg 445 
Leu Ala Ala Phe Val Val Asp Met Phe Cys Ser Gin Phe Ala Glu Val 
115 120 125 

get agt gaa ttc ggg gtg cca gat tac gtt ttc ttc ace teg aat get 493 
Ala Ser Glu Phe Gly Val Pro Asp Tyr Val Phe Phe Thr Ser Asn Ala 
130 135 140 

tat ttc etc age etc atg ttt tat ctt cag gec att caa gat tac cag 541 
Tyr Phe Leu Ser Leu Met Phe Tyr Leu Gin Ala He Gin Asp Tyr Gin 
145 150 155 160 

aat egg gat ate gee gag ttc aag gac teg gac gtc gag ttg tec att 
Asn Arg Asp He Ala Glu Phe Lys Asp Ser Asp Val Glu Leu Ser He 
165 170 175 

cct ggt ttc atg aac ccg gtc ccc act aag gtc tta cca cac gtt gcg 
Pro Gly Phe Met Asn Pro Val Pro Thr Lys Val Leu Pro His Val Ala 
180 185 190 

ttc gac aaa gaa aaa ggc ggg get ctt ttt ttc gtc gat gtt cca aga 
Phe Asp Lys Glu Lys Gly Gly Ala Leu Phe Phe Val Asp Val Pro Arg 
195 200 205 

aag ttg aga aaa acc aag ggg ate ttg gca aat acc.ttt gag gag ttt 
Lys Leu Arg Lys Thr Lys Gly He Leu Ala Asn Thr Phe Glu Glu Phe 
210 215 220 



gaa tec tac acg att aag tgc etc get gag gat gac aag gta ccg cca 
Glu Ser Tyr Thr He Lys Cys Leu Ala Glu Asp Asp Lys Val Pro Pro 
225 230 235 240 
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ate tac aca ate ggg ccc gtg etc aac etc aag gee gaa act agt aat 829 
lie Tyr Thr He Gly Pro Val Leu Asn Leu Lys Ala Glu Thr Ser Asn 
245 250 255 

gac caa aaa gac etc gtc cag tac gag gaa ate atg gcg tgg ttg gac 877 
Asp Gin Lys Asp Leu Val Gin Tyr Glu Glu He Met Ala Trp Leu Asp 
260 265 270 

tgc cag cct tea aca tec gtg gtg ttt eta tgt ttc ggt age atg gga 925 
Cys Gin Pro Ser Thr Ser Val Val Phe Leu Cys Phe Gly Ser Met Gly 
275 280 285 

acg ttt gag gcg gag cag gtg gtg gaa ata get act get ctg gag cat 973 
Thr Phe Glu Ala Glu Gin Val Val Glu He Ala Thr Ala Leu Glu His 
290 295 300 

age gga cac egg ttc ctg tgg tec ctt egg agg cct ccg ccg gag ggc 1021 
Ser Gly His Arg Phe Leu Trp Ser Leu Arg Arg Pro Pro Pro Glu Gly 
305 310 315 320 

aaa aag gaa cct cca teg gat tac gag aat tta age gac gtg ctg cca 1069 
Lys Lys Glu Pro Pro Ser Asp Tyr Glu Asn Leu Ser Asp Val Leu Pro 
325 330 335 

gag ggg ttc etc gat agg acg aaa gag gtt gga aaa gtg ata gga tgg 1117 
Glu Gly Phe Leu Asp Arg Thr Lys Glu Val Gly Lys Val He Gly Trp 
340 345 350 

gca ccg cag aca gcg gtg eta teg cat cct gca gtg gga ggg ttc ate 1165 
Ala Pro Gin Thr Ala Val Leu Ser His Pro Ala Val Gly Gly Phe He 
355 360 365 

tec cac tgc gga tgg aac tct att atg gag age ttg tgg ttt gga gtg 1213 
Ser His Cys Gly Trp Asn Ser He Met Glu Ser Leu Trp Phe Gly Val 
370 375 380 

ccc att get acg tgg ccg tta tac gcg gag caa caa ate aat gec ttt 1261 
Pro He Ala Thr Trp Pro Leu Tyr Ala Glu Gin Gin He Asn Ala Phe 
385 390 395 400 
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gag atg gtt aag gaa ttg cag ctt gcg gtc gag ate agt ctg gac tat 1309 

Glu Met Val L v s Glu Leu Gin Leu Ala Val Glu lie Ser Leu As*" 1 T w r 
405 410 415 

aaa aag gaa aat cat gca ata ctg act gcg gag gag ate gag aga ggg 1357 

Lys Lys Glu Asn His Ala lie Leu Thr Ala Glu Glu He Glu Arg Gly 
420 425 430 

ata aaa cag eta atg gac ggc aac gag agt gtg gaa ata aaa aag aaa 1405 

He Lys Gin Leu Met Asp Gly Asn Glu Ser Val Glu He Lys Lys Lys 
435 440 445 

gtg aag gca atg agt gag aag age egg agt gca gtg gag gag ggc ggg 1453 

Val Lys Ala Met Ser Glu Lys Ser Arg Ser Ala Val Glu Glu Gly Gly 
450 455 460 

tct teg tat get gec gtg gga cgc ttc att gag gaa gta etc aat cgc 1501 

Ser Ser Tyr Ala Ala Val Gly Arg Phe He Glu Glu Val Leu Asn Arg 

465 470 475 480 

tct teg tga aaaaaccegg acaagtttca taggactttc atagttatgt 1550 
Ser Ser 



gaaattttaa tagcteggaa attgeaacat ttgagaaaat gattatgtta aactttgtat 1610 
taccagttgc tttttattac atcatctttg ctttttagga attaaaaaaa aaaaaaaaaa 1670 



<210> 56 

<211> 482 

<212> PRT 

<213> Cyclamen persicum 

<400> 56 

Met Glu Arg Ala Glu Leu Ala Phe He Pro He Pro Gly Ala Gly His 
1 5 10 15 
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Leu Val Pro Met Val Glu Leu Ala Lys Ala Leu Thr Thr Arg Asp Glu 
20 25 30 

Arg He Ser Val Thr Val Phe He Met Glu Val Pro Phe Gin Ser Lys 
35 40 45 



Leu Asn Ser Tyr Thr Gin Ser Leu Leu Ser Asn J Pro Pro Pro Ser Arg 
50 55 60 



Val Arg Phe Val His Leu Thr Leu Asp Glu Pro Thr Thr Glu Asp He 
65 70 75 80 



Arg Ser Lys Pro Gly Ser Phe Trp Leu Leu Asp Leu He Gin lie Asn 
85 90 95 



Lys Ser Arg Val Lys Asp Phe Tyr Ser Ser Asp Ser Thr Arg Tyr Glu 
100 105 110 



Leu Ala Ala Phe Val Val Asp Met Phe Cys Ser Gin Phe Ala Glu Val 
115 120 125 



Ala Ser Glu Phe Gly Val Pro Asp Tyr Val Phe Phe Thr Ser Asn Ala 
130 135 140 



Tyr Phe Leu Ser Leu Met Phe Tyr Leu Gin Ala He Gin Asp Tyr Gin 
145 150 155 160 



Asn Arg Asp He Ala Glu Phe Lys Asp Ser Asp Val Glu Leu Ser He 
165 170 175 
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Pro Gly Phe Met Asn Pro Val Pro Thr Lys Val Leu Pro His Val Ala 
180 185 190 

Phe Asp Lys Glu Lys Gly Gly Ala Leu Phe Phe Val Asp Val Pro Arg 
195 200 205 



Lys Leu Arg Lys Thr Lys Gly He Leu Ala Asn Thr Phe Glu Glu Phe 
210 215 220 



Glu Ser Tyr Thr He Lys Cys Leu Ala Glu Asp Asp Lys Val Pro Pro 
225 230 235 240 



He Tyr Thr lie Gly Pro Val Leu Asn Leu Lys Ala Glu Thr Ser Asn 
245 250 255 



Asp Gin Lys Asp Leu Val Gin Tyr Glu Glu He Met Ala Trp Leu Asp 
260 265 270 



Cys Gin Pro Ser Thr Ser Val Val Phe Leu Cys Phe Gly Ser Met Gly 
275 280 285 



Thr Phe Glu Ala Glu Gin Val Val Glu He Ala Thr Ala Leu Glu His 
290 295 300 



Ser Gly His Arg Phe Leu Trp Ser Leu Arg Arg Pro Pro Pro Glu Gly 
305 310 315 320 



Lys Lys Glu Pro Pro Ser Asp Tyr Glu Asn Leu Ser Asp Val Leu Pro 
325 330 335 
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Glu Gly Phe Leu Asp Arg Thr Lys Glu Val Gly Lys Val lie Gly Trp 
340 345 350 

Ala Pro Gin Thr Ala Val Leu Ser His Pro Ala Val Gly Gly Phe He 
355 360 365 



Ser His Cys Gly Trp Asn Ser lie Met Glu Ser Leu Trp Phe Gly Val 
370 375 380 



Pro He Ala Thr Trp Pro Leu Tyr Ala Glu Gin Gin lie Asn Ala Phe 
385 390 395 400 



Glu Met Val Lys Glu Leu Gin Leu Ala Val Glu He Ser Leu Asp Tyr 
405 410 415 



Lys Lys Glu Asn His Ala lie Leu Thr Ala Glu Glu He Glu Arg Gly 
420 425 430 



He Lys Gin Leu Met Asp Gly Asn Glu Ser Val Glu He Lys Lys Lys 
435 440 445 



Val Lys Ala Met Ser Glu Lys Ser Arg Ser Ala Val Glu Glu Gly Gly 
450 455 ' 460 



Ser Ser Tyr Ala Ala Val Gly Arg Phe He Glu Glu Val Leu Asn Arg 
465 470 475 480 



Ser Ser 
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<210> 57 
<211> 21 
<212> DNA 
<213> Artificial 

<220> 

<223> EcoFsel Primer 
<400> 57 

aattcagtca gtggccggcc a 

<210> 58 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> EcoFseR Primer 
<400> 58 

aatttggccg gccactgact g 

<210> 59. 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> HinFseR Primer 
<400> 59 

agctcggccg gccactcact a 

<210> 60 

<211> 21 

<212> DNA 

<213> Artificial 
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<220> 

<223> HinFse3 Primer 
<400> 60 

agcttagtga gtagccggcc g 
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